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Executive Summary

This process development report (PDR)? describes the results of route scouting, process
development, scale-up and process documentation of a novel lenacapavir sodium synthesis at
Medicines for All Institute (M4ALL). A new, cost-efficient and potentially scalable synthetic

approach toward the synthesis of lenacapavir is disclosed.

Lenacapavir is a first-in-class drug that targets the HIV capsid protein, developed by Gilead
Sciences Inc. It has been approved by the FDA twice; first, in 2022 for the treatment of multi-drug
resistant HIV under the brand name Sunlenca®, and again in 2025 for HIV pre-exposure
prophylaxis (PrEP) under the brand name Yeztugo®. In 2020, Gilead Sciences disclosed the
medicinal chemistry route to the lenacapavir free base. This route involved multiple Pd-catalyzed
coupling reactions and required careful management of intermediates exhibiting atropisomerism.
To decrease the analytical and processing complexity associated with atropisomeric compounds
and enhance synthetic efficiency, Gilead developed a scale-up process for lenacapavir sodium
(disclosed in 2024; probable manufacturing route). This four-step process commenced from a 2,5-
dibromopyridine core. The dibromopyridine was sequentially submitted to alkynylation, amide
coupling with a chiral pyrazole carboxylic acid, Suzuki cross-coupling with an indazole boronic
ester, telescoped bis-methanesulfonylation and hydrolysis to yield the APL? Expensive starting
materials — for example, the chiral pyrazole carboxylic acid (Frag C) and its early-stage
incorporation — contribute to high overall costs for lenacapavir API. Space-time-yield
inefficiencies intrinsic to the stepwise Pd-catalyzed couplings, together with iterative Pd removal

steps, further contribute to high process costs for synthesis of lenacapavir sodium APL

Herein, we report a new approach to make lenacapavir sodium (see synthetic scheme
below). It is a three-step process starting from a chiral bromopyridine core — (S)-1-(3,6-
dibromopyridin-2-yl)-2-(3,5-difluorophenyl)ethan-1-amine (Frag A). The process includes a
telescoped sequential Pd-catalyzed coupling (Milestone 1), Boc-deprotection and a late-stage
amidation with Frag C (Milestone 2). The sequential one-pot Pd-catalyzed couplings comprise

four transformations — Boc-protection, Pd-catalyzed Heck coupling with Frag D, Suzuki coupling

2 An analytical development report (GFN-002-LEN-ADR) is provide in a separate document, detailing the
analytical methods used for all intermediates, impurities and the final API.
bWagner, A. M. et. al. Org. Process Res. Dev. 2024, 28, 33823395,



with ~ N-(4-chloro-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-(2,2,2-trifluoroethyl)-1H-
indazol-3-yl)-N-(methylsulfonyl)methanesulfonamide (Frag B-DiMs), and selective mono-
demesylation. After Boc deprotection, amidation with Frag C is carried out at the last step to
complete the synthesis of lenacapavir sodium API. This process affords lenacapavir API in 50-
55% overall yield with a purity > 99.9 wt% (HPLC), ~ 99 A% (235 nm), and Pd content < 10 ppm.
Compared to Gilead scaling up process, MAALL’s new process poses several advantages: 1) The
one-pot Heck-Suzuki sequence lowers Pd consumption from 5 mol% to 4 mol% and reduces
intermediate purification steps; 2) Streamlined Pd removal and fewer isolations enhance space-
time yield and reduce effluent; 3) The process simplifies handling of atropisomereric
intermediates; and 4) Late-stage amidation with Frag C lowers overall raw material costs. As a
result, technoeconomic (TE) cost analysis suggests that, MAALL’s new process offers an overall

raw material cost (RMC) reduction of 20-30%.°¢
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¢ Technoeconomic analyses of the API process for M4All and Gilead are based on the respective raw material costs
of fragments reported in the literature. Detailed data from these technoeconomic analyses is not included in this PDR.
For further information, please contact M4ALL directly.
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1 Introduction

The Human Immunodeficiency Virus (HIV) continues to pose one of the most urgent and
enduring challenges to global public health. It is estimated that more than 600,000 people die from
HIV-related illnesses each year, with over 40 million deaths recorded since the beginning of the
epidemic.! Currently, approximately 40 million individuals are living with HIV worldwide,
including 1.5 million children; more than 1 million new infections occur annually.>* Among the
most promising therapies for HIV treatment is lenacapavir, a first-in-class antiviral that targets the
HIV capsid protein.*’7 This novel approach disrupts multiple stages of the viral life cycle.
Lenacapavir’s long-acting nature and availability in both oral and injectable forms have positioned
it as a first-line treatment for HIV infection. In 2022, the U.S. Food and Drug Administration
(FDA) approved lenacapavir for the treatment of multi-drug-resistant HIV.® Notably, the drug also
demonstrated strong efficacy in preventing HIV. Marketed under the tradename Yeztugo®,
lenacapavir was approved by the FDA in 2025 for use as a pre-exposure prophylaxis (PrEP) against
HIV.?

Despite its clinical success, lenacapavir has faced criticism over its cost.!*!> According to
2024 data, Gilead Sciences priced the drug between $30,625 and $44,819 per person per year
(pppy), an unaffordable range for many individuals, especially those in middle- and low-income
countries. The current cost of goods (COG) for the active pharmaceutical ingredient (API) stands
at $64,480 per kilogram, with imports sourced from India.'! To make lenacapavir more accessible,
the target pppy price is set below $100. Achieving this goal requires reducing the generic
manufacturing cost of the API to $10,000 per kilogram or less.'* The recent voluntary licensing
agreement between Gilead and six pharmaceutical companies represents a major step toward
expanding access to lenacapavir for both prevention and treatment in low- and middle-income

countries.'*

Lenacapavir was first reported by Gilead Sciences in a family of patents and publications
in 2018-2023.15" In 2020, Gilead Sciences disclosed the medicinal chemistry route to the
lenacapavir free base.!”!” The synthesis commenced from the N-Boc-protected chiral bis-
bromopyridine core and proceeded through a series of transformations, including Sonogashira

coupling, Suzuki cross-coupling, and bis-methanesulfonylation. This was followed by selective



mono-demesylation, Boc-deprotection and final amidation to yield the API. This route involved
multiple Pd-catalyzed coupling reactions and required careful management of intermediates
exhibiting atropisomerism. To decrease the analytical and processing complexity associated with
atropisomeric compounds and enhance synthetic efficiency, Gilead Sciences revealed a scale-up
process for lenacapavir sodium in 2024,2° which is characterized by the convergence of three
advanced intermediates (or Frag A, B, C) and a propargyl sulfone (DMPS or Frag D, in Figure
1.1). The central fragment of lenacapavir is Frag A (chiral amine), which is joined to Frag D
through Heck alkynylation,?! to Frag C (chiral carboxylic acid) using a T3P-promoted amide
coupling, and then to Frag B (indazole boronic ester) using the Suzuki-Miyaura reaction (Scheme

1.1 (2)).
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Figure 1.1 Retrosynthetic disconnections for lenacapavir and its constituents for chemical synthesis.



a) Gilead scale-up process (2024)

FF OH c
Me
E F \SK m
do X i O-g S—NH;
DMPS z 6 N
NADL' H,N Pd(PPhs)2Cl2 (3 mol%) F3 Fy
TEA, MeCN, 3.5h Frag C Frag B
NASB 50% T3P in DMF P, (Zmot-CyPPY -
| Pd sequestration, 6h TEA. MeCN, DMF, 3h 2 (3 eq), 68 ,2 (4 Mol%)
Br X 88% yield 91% yield KHCO4 C, 15h
Frag A-NADL step 1 step 2 Pd sequestrat.lon x 2, 6h
86% yield
step 3 E £
P F
Removal of EtOH
by distillation with N HN cl
2MeTHF NaOH (4 wt%, 3.5 eq) ¢ N Na
TEA (600 3576, 3n F so
eq — B ,Me
¥ Recrystallization
2-MeTHF, 2.5 h 90% yield
step 4 across 2 steps
step 5 OMe
Lenacapavir sodium
b) M4ALL new streamlined process (2025)
B F| cl F F
E E Boc,0 (1.1 eq) SO,Me
Me 2 O.g ) N,
Me 4  No SO,Me HoN
M 9M, 10
HoN ) Frag B-DiMs R H,s0, (M- 10eq)
Frag D F H
€l ertexilia gq) [ N
N Br PdSPPh3)2C|2 PdCl, *SO,Me Toluene (4.5\0/)/EtOH ‘SO,Me
mol%) (3/6 mol%) M (0.5v)25°C, 1h  Me
BN TEA (5 eq) H,0 (2V)/2-MeTHF (2V) Me Me
o
(S)-A1.5 2-2/I0e0'(I':HZ (BshV) 0,Me 70°C, 3h O,Me  L1.3-Ms
’ 7 L1.2-Boc L1.3-Boc-DiMs: R = Ms j KOH (3M, 6eq), 70°C, 3h >95% yield
. L o 0,
Milestone 1 L1.3-K-Boc: R = K SiliaMetS SH (10 wt%), 80°C 3h

F 70% overall yield from (s)-A1.5

F
F F
7NN O F
=N
FsCrag 2
rag C (1.05 eq) N R
T3P (1.1 eq), NMM (3 eq) E N\
CH4CN (10 V), -10 to 60°C, 18h 3 'SO,Me
Me _— -
Me V7 CataCXium A

Milestone 2
O2Mey en-APIH: R = H

NaOH
Len-API: R = Na

>75% yield after recrystallization
Scheme 1.1 a) Gilead’s scale-up process for the synthesis of lenacapavir revealed on 2024 OPRD paper.*

b) M4All new process for the synthesis of lenacapavir.

The current groundbreaking synthetic approach enabled the successful construction of the
complex lenacapavir API molecule, representing a significant advancement in HIV drug
development. However, this approach faces three major issues that challenge its cost-effectiveness.
First, the early-stage introduction of Frag C, itself a key cost driver, increases raw material (RM)
costs. Second, the process utilizes two distinct palladium-catalyzed couplings (Heck; Suzuki-
Miyaura), which add to RM and operational costs (e.g., late-stage palladium sequestration to meet

pharmaceutical purity standards). Third, the workflow is hindered by demanding purification



processes, reducing throughput and increasing production complexity. To address opportunities

for complexity and cost reduction, the development of a new synthesis pathway is essential.

With ongoing support from the Gates Foundation, M4ALL has been entrusted with
reducing the overall cost of this complex API molecule. With the aim to lower the RMC for
synthesis of lenacapavir API (Len-API), a one-pot synthesis was identified, optimized, scaled up
to decagram scale, and documented the process (Scheme 1.1 (b)). M4ALL’s process research and

development efforts pursued two key milestones.

e Milestone 1 (MS1): One-pot, sequential Pd-catalyzed Heck and Suzuki coupling to link Frag A*
with Frag D and Frag B?. This sequence includes 4 transformations: Boc-protection, Heck
coupling, Suzuki coupling, and mono de-mesylation, affording L1.3-K-Boc in 60-70%
isolated yield with 85 - 90% weight assay of the potassium salt form after liquid-liquid
extraction (LLE) workup. The solvent MIBK provides excellent LLE results in MSI1
purification. SiliaMetS SH was identified as a suitable scavenger for reducing Pd residue to

less than 10 ppm.

e Milestone 2 (MS2): H.SOs-mediated Boc deprotection, followed by a late-stage amidation
with Frag C?* to furnish lenacapavir sodium API. Undesired amidation on the free
methylsulfonamide (—HNMs) moiety has been minimized during the reaction and via

purification. LLE then recrystallization delivered high purity and good isolated yield.

As illustrated in Scheme 1.1 (b), M4ALL’s new process featured a streamlined one-pot
Heck-Suzuki sequence and late-stage Frag C incorporation.? The synthesis begins with the
coupling of Frag A and Frag D in the presence of Boc:O and a catalytic amount of PdCl>(PPhs)..
The resulting Heck product undergoes a telescoped Suzuki coupling with Frag B-DiMs
(derivatized from Frag B with one step), followed by KOH treatment to yield the key intermediate
L1.3-K-Boc. Subsequent Boc deprotection and T3P-mediated amidation with Frag C produce

chemically pure lenacapavir AP, finalized through recrystallization. Importantly, the process was

4With support from the Gates Foundation during Year 1 (2023-2024), M4ALL successfully developed new
chemistry and process that significantly reduced the overall cost of Fragments A, B, and C.



designed to minimize alterations to the incumbent advanced intermediates, facilitating uptake by

generic pharmaceutical manufacturers, which is another core tenet of the M4ALL’s mission.

Compared to Gilead scaling up process, MAALL’s new process poses several advantages

as summarized below:

o The one-pot Heck-Suzuki sequence lowers Pd consumption from 5 mol% to 4

mol% and reduces intermediate purification steps.

o Streamlined Pd removal and fewer isolations enhance space-time yield and reduce

effluent.
o The process simplifies handling of atropisomereric intermediates.

o Late-stage amidation with Frag C lowers overall synthesis costs.

In the following sections, we present a detailed R&D process development of lenacapavir.

2 Results and Discussion

2.1 One-pot sequential Pd-catalyzed coupling reactions (Milestone 1)

With the aim to lower the RMC for synthesis of lenavapavir API (Len-API), numerous
routes were scouted at MAALL during the year of 2024-2025. Among these endeavors, a one-pot
double-dosed synthesis of L1.3-K-Boc was identified, optimized, scaled up to decagram scale,

and documented the process.

The one-pot sequential synthesis of potassium ($)-(7-(2-(1-((tert-butoxycarbonyl)amino)-
2-(3,5-difluorophenyl)ethyl)-6-(3-methyl-3-(methylsulfonyl)but-1-yn-1-yl)pyridin-3-yl)-4-
chloro-1-(2,2,2-trifluoroethyl)-1H-indazol-3-yl)(methylsulfonyl)amide (L.1.3-K-Boc) involves
four key  transformations,  starting  from  (S)-1-(3,6-dibromopyridin-2-yl)-2-(3,5-
difluorophenyl)ethan-1-amine (Frag A, (S)-A1.5).>%° The sequence begins with in-situ Boc
protection of the amine, followed by a Heck alkynylation.?! A subsequent Suzuki reaction with N-
(4-chloro-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-(2,2,2-trifluoroethyl)-1H-indazol-3-
yl)-N-(methylsulfonyl)methanesulfonamide (Frag B-DiMs)>*-?® introduces the indazole fragment.

Demesylation using KOH selectively removed one mesyl group, yielding the potassium

10



sulfonamide salt L.L1.3-K-Boc. The crude product is then treated with the metal sequestrant

SiliaMetS SH, reducing residual Pd content to below 10 ppm (Scheme 2.1.1).
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D i PV W3 1o ) B Exact Mass: 358.28
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mo %) (3 /6 mol%)
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(S)-A1.5 0% 1(h ) O,Me C.3h .
' — L1.2-Boc — L1.3-Boc-DiMs: R = Ms KOH (3M, 5eq), 70°C, 3h, then
Exact Mass: 861.14 SiliaMetS SH (10 wt%), 80°C, 3h
. b), ,
Milestone 1 L1.3-K-Boc: R =K

Exact Mass: 841.12

Scheme 2.1.1 M4All one-pot double-dose sequential Pd couplings for L.1.3-K-Boc synthesis.
2.1.1 Condition screening and optimization

Our initial efforts toward Milestone 1, which focused on developing Pd-free couplings and

2729 proved instrumental to developing the topical

approaches that avoided amine protection,
process. Attempts to install the alkyne moiety via nucleophilic aromatic substitution (SnAr) of
Frag D-Na (generated from Frag D and NaH) with Frag A were unsuccessful. Similarly, Cul-
catalyzed alkynylation trials resulted in recovery of the starting materials. While the unprotected
amine in Frag A was well tolerated in the Heck alkynylation, the subsequent Suzuki coupling with
either Frag B-DiMs or Frag B failed to incorporate the indazole fragment. Neither Cu(I) catalysis
nor SNAr substitution proved effective. One key takeaway from our study is that the protected
amine in Frag A is necessary for the Pd-catalyzed Suzuki reaction. As shown in Scheme 2.1.2,
both Suzuki coupling between the Boc-protected amine L1.2-Boc and either Frag B or Frag B-
DiMs proceeded smoothly, yielding the desired coupling products. Notably, the reaction with Frag
B-DiMs resulted in in-situ demesylation, eliminating the need for a separate demesylation step.

Although the overall yield was moderate, these early findings informed our development of a more

process-friendly, one-pot Pd-catalyzed coupling strategy.

11
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. 100mg 1Y: 52%

[ L1.2-Boc

Scheme 2.1.2 Evaluation of L.1.2-Boc (Boc-protected amine) in Suzuki coupling with Frag B
and Frag B-DiMs.

An initial demonstration of the in-situ Boc protection combined with Heck reaction was
conducted to assess the feasibility of the one-pot approach and to generate retention time (RT)
reference standards. The reaction of Frag A with Frag D and Boc:0, in the presence of 0.6 mol%
of PdCIx(PPhs)., yielded the desired Boc-protected Heck coupling product L1.2-Boc with
approximately 95 A% (275 nm); approximately 5 A% (275 nm) of bisalkynylated products were
also detected (Scheme 2.1.3). Notably, the Heck reaction proceeded more slowly in the absence of

Boc20, highlighting the beneficial role of in-situ Boc protection in promoting reaction efficiency.

E E Boc,0 (1.1 equiv)

Me =
MeAl//
O,Me
Frag D i
% gb 1.1 equw)‘
NN Pd(PPhs)2Cly
| (0.6 mol%)
NS TEA (5 equiv)
Frag A 2-MeTHF (6 ml/g) .
rag 68°C,2h O;Me | 1.2-Boc L1.1-Boc oMe L1-2-Boc-DiFd
19, 59 scale IPC: ~95A% <1A% 2 ~5A%

H,N

Br

Scheme 2.1.3 Evaluation of one-pot in-situ Boc protection and Heck reaction with Frag A.

An extensive catalyst screen was conducted for the Heck reaction to identify the most
suitable systems and to establish a catalyst pool for the subsequent Suzuki coupling.’®! While
many catalysts were effective, a number of highly active systems promoted the formation of a
bisalkynylated byproduct, L1.2-Boc-DiFd (Scheme 2.13). XPhos-Pd-G2, XPhos-Pd-G3, and
PdCl/XPhos were among them (Table 2.1.1). However, precatalysts such as Pd(PPh3)>Clo,
Pd(PPh3)s and Pd(dppf)Cl> proved effective in the Heck reaction between Frag A and Frag D in
the presence of Boc2O, affording L1.2-Boc within 1h, without significant amount of

bisalkynylation byproducts.

12



To enable a well-designed one-pot Pd-catalyzed sequence, catalyst screening for the
Suzuki reaction was subsequently performed. The first parameter evaluated was the Pd/L catalyst
system. The reaction of L.1.2-Boc with Frag B-DiMs was investigated using various Pd catalysts.
Preformed catalysts such as Pd(PPh3),Clz, Pd(PPh3)s and Pd(dppf)Cl> — which provided favorable
alkynylation outcomes — showed moderate Suzuki-Miyaura activity. Conversely, more sterically
hindered and electronically rich systems like XPhos-Pd-G2, XPhos-Pd-G3, and PdCl./XPhos
demonstrated strong performance in the Suzuki coupling, supporting the feasibility of a one-pot,
double-dosed approach (vide infra).3> Notably, under Suzuki conditions, one of the
methylsulfonamide groups was cleaved, yielding the desired product without the need for an
additional hydrolysis step. These findings supported M4ALL’s hypothesis that a one-pot Heck-

Suzuki sequence could be achieved.

Table 2.1.1 Single dose Pd/L catalyst screen for one-pot Heck/Suzuki reaction.

F. F “ F
F F SO,Me
Me # PinB N
Me _{  so,Me
QM N

H
N eeq) g
Boc Frag D (1.2€9) L& Frag B-DiMs H
NZ Br > > N
| H,0 (2 milg) 'S0,Me
Pd/L (5 mol® 2
B X TEA( ( iy )/0) Me 72°C, 20h Me
. 5eq Me ! Me
L1.1-Boc 2-MeTHF (8 mifg) L1.2-Boc oMo
75°C, 1-5h OMe 2 L1.3-Boc

Major detected impurities:
F. F

SO,Me

O,Me  ExactMass: 622.20  Exact Mass: 327.01
L1.2-Boc-DiFd Frag B-MoMs-DeBo
Retention time: 8.8 min Retention time: 1.6 min
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In-process analysis (A%, 275 nm)®
#e ELN Pd/L (5 mol%) Step 1 (alkynylation) Step 2 (Suzuki)
L1.1- | L1.2- | L1.2-Boc- L1.3-
Boc Boc DiFd Boc* L1.2-Boc
1 AHS186-X20-1 Pd(PPh;),Cl, 4 90 1 30 14
2 AHS186-X20-2 Pd(PPh3)4 8 79 - 20 25
3 AHS186-X20-3 Pd(dppf)Cl, 11 87 2 15 49
4 AHS186-X21-1 PdCl,/ PPh; 3.2 81 0.6 34 15
5 AHS186-X21-2 PdCl,/ TFP 2 91 3 30 24
6 AHS186-X22-1 Pdy(dba); / PPhs 0.1 72 5 50 15
7 AHS186-X22-2 Pdy(dba); / TFP ND 77 3 39 19

“All reactions were performed on 100 mg scale of (rac)-L1.1-Boc; ?A% measured at 275 nm by
LC-MS; “Two atropisomers (minor/major (A%) ~ 1/5) were observed.

To assess the feasibility and practicality of a telescoped one-pot Heck—Suzuki sequence
from Frag A to L1.3-Boc, an initial reaction was conducted using Pd(PPh3).Cl: (5 mol%) as a
single catalyst (Table 2.1.1). This sequential transformation afforded L.1.3-Boc in approximately
30 A%, with 14 A% (275 nm) of the intermediate L.1.2-Boc remaining. Given the modest
conversion to L1.3-Boc, a comprehensive condition screen was undertaken to enhance the
efficiency of both coupling steps. The following parameters were systematically evaluated: 1)
Pd/ligand combinations; 2) base selection; 3) solvent system, and 4) reaction temperature (data not
shown). As summarized in Table 2.1.1, the choice of catalyst and ligand had a significant impact
on the outcome of the Heck-Suzuki sequence. Among screened catalysts and precatalyst systems
(Pd/L), Pd2dbas / PPh;s delivered the highest yield of L1.3-Boc, albeit with quantities of L1.2-Boc
remaining unconverted. Variations in base and solvent did not improve yields of L.1.3-Boc and
adjusting the reaction temperature from room temperature (rt) to 100 °C failed to enhance
performance. While this study demonstrated that a single-dose Pd catalyst strategy could, in
principle, affect the telescoped Heck-Suzuki sequence, it was ultimately limited by its Suzuki

coupling performance.®

Modest conversion to L1.3-Boc and the persistent presence of intermediate L1.2-Boc
highlighted the need of improvement of activity of catalyst in Suzuki reaction. Building on the

benefits observed from the alkynylation-co-Boc-protection step using Pd(PPh3)>Cl> (1 mol%) as a

¢ Notably, two atropisomers of L1.3-Boc were observed following the Suzuki coupling with Frag B-DiMs. The
ratio of minor to major isomers was approximately 1:5, based on A% (275 nm).
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catalyst,” a double-dose catalyst approach strategy was pursued. This involved introducing a

second Pd catalyst dose specifically to enhance the Suzuki coupling efficiency.

Table 2.1.2 Double-dosed Pd/L catalyst screen for one-pot Heck/Suzuki reaction.

E E Boc,O (1.1 eq) Cl
M — SO,Me
Mee Z PinB/%il _l\f\S; y
e
i Fra Do(q' eeq) - ’
(A ? (1.2 eq) {:F3 Frag B-DiMs
« | Pd((1PF’h?>/2)C'2 PdIL (3 mol%)
Br mol% H,0 (2 mlig)
TEA (5 2
FragA i (gqrr)ﬂ/g) 75°C, 20n
75°C, 1h

. In-process analysis (A%, 275 nm)”
# ELN Pd/L L1.3-Boc¢ L1.2-Boc
1 DAGI173-X26-1 PdCl,/ CyPPh, 59 7
2 DAGI173-X26-2 PdCl,/ XPhos 56 15
3 DAG173-X26-3 PdCl,/ SPhos 55 13
4 DAG173-X26-6 PdCl,/ RuPhos 55 15
5 DAGI173-X27-2 PdCl,/ tBuBrettPhos 53 17
6 AHS186-X25-6 PdCl, / dppf 60 ND
7 DAG173-X27-5 PdCl, / CataCXium A 73 <5
8 DAG173-X27-6 PdCl,/ BIDIME 62 =5
9 DAG173-X28-1 Pd(PPh,),Cl, 52 <54
10 DAG173-X28-2 Pd(PPh,), 54 <8¢
11 DAG173-X28-3 Pd(dpph)Cl, 54 <4
12 DAG173-X28-4 XPhos Pd G2 50 <14¢
13 DAG173-X28-5 XPhos Pd G3 51 <16“
14 DAG173-X28-6 PdCl / TFP 49 <13¢

“All reactions were performed on 100 mg scale of rac-Al.5; In-situ Boc-protection and Heck
coupling afforded L1.2-Boc in >90A% in all screens with 1 mol% of Pd(PPh3).Cl, as catalyst;
b A% measured at 275 nm by LCMS; “Two atropisomers (minor/major (A%) ~ 1/5) were observed,;
9L1.2-Boc co-eluted with L1.3-Boc-DiMs isomer.

A variety of preformed Pd-catalysts and Pd/L combinations were investigated as a second
dose of catalyst in the Suzuki reaction. As summarized in Table 2.1.2, this dual-catalyst strategy
addressed the limitations of the single-dose system, offering a more robust and higher-yielding
approach for the telescoped Heck—Suzuki sequence. Catalysts well-suited for sterically hindered

Suzuki reactions, such as PdCl,/CataCXium A** and PdCl/BIDIME,** performed well in this

f Catalyst loading screens (data not shown) indicated that 5 mol% Pd(PPhs).Cl> was unnecessary, as 1 mol%
delivered comparable yields.
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sequence. Notably, PdCl,/CataCXium A delivered 73 A% (275 nm) of L1.3-Boc. Based on these
results, various Pd sources were evaluated within the double-dosed catalytical system (Table
2.1.3). In addition to PdCl,, Pd(OAc); yielded 52 A% (275 nm) of L1.3-Boc, though a significant
amount of intermediate L.1.2-Boc remained unreacted. Homogenous catalyst Pd>(dba); achieved
full conversion of L1.2-Boc, resulting in 64 A% (275 nm) of L1.3-Boc. Preformed catalysts such
as Pd(allyl)Cl and Pd(dppf)Cl> also achieved good conversion of L1.2-Boc, with Pd(dppf)Cl>
yielding 72 A% (275 nm) of L.1.3-Boc. The choice of solvent in the Heck-Suzuki sequence proved
critical; when CH3CN was used, less than 5 A% (275 nm) of L.1.3-Boc was detected. Across all
catalytic systems tested, a notable amount of L1.3-Boc-DiMs was observed, indicating the need
for an optimized base to enable efficient demesylation. Notably, across all double-dosed sequence,
1 mol% of Pd(PPh3)>Cl> was used as the catalyst in the Heck reaction, consistently yielding L.1.2-
Boc in 85-95 A% (275 nm).

Table 2.1.3 Evaluation of Pd source with CataCXium A ligand in one-pot Heck-Suzuki reactions.

Cl
E E Boc,O (1.1eq) [ PinB%NSOQMe
MZIZK % [ "SO,Me
HaN Frag D%Meeq) Fy 12
N7 Br > FragB-DiMs
DN | PU'((1P§1’;?2/2)C'2 Pd (3 mol%)
Frag A 2—M-I<—5I'Er/:|f£5(§qrr)ﬂ/g) CataH%l,u;?sQ:,( h )
75°C,1h L H
Step 2 (Suzuki)
# ELN“ Pd In-process analysis (A%, 275 nm)”
(3 mol%) L1.3-Boc® L1.3-Boc-DiMs® L1.2-Boc®
1 AHS186-X25-1 PdCl, 67 >11 <6
2 AHS186-X26-2¢ PdCl, 5 13 20
3 AHS186-X25-2 Pd(OAc), 52 >7 <16
4 AHS186-X25-3 Pd,(dba); 63 16 ND
5 AHS186-X25-7 Pd(allyl)Cl1 51 14 ND
6 AHS186-X25-4 Pd(dppf)Cl, 71 >12 <3

“All reactions were performed on 100 mg scale of racemic Frag A; A% measured at 275 nm by
LCMS; “Two atropisomers (minor/major (A%) ~ 1/5) were observed; “MeCN was used as solvent;
“LL1.2-Boc co-eluted with L1.3-Boc-DiMs isomer. ND = non-detect.

To facilitate easier purging of Pd species during workup, PdCl> was selected as the Pd
resource as the second dose of catalyst in Suzuki reaction. Before evaluating bases for
demesylation, a base screening was conducted for both Heck and Suzuki reactions. As summarized

in Table 2.1.4, triethylamine (TEA) emerged as the optimal base for the Heck reaction. In contrast,
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switching to inorganic bases commonly used in the Suzuki reactions (e.g., NaOH, K>,CO3 or
K3POy4) resulted in low yields of L1.2-Boc. With TEA as the base for the Heck step, the effect of
adding an inorganic base to the Suzuki reaction was further explored. Among those tested, K2CO3
performed best, delivering 80 A% (275 nm) of L1.3-Boc along with 2.6 A% (275 nm) of L1.3-
Boc-DiMs, and a full conversion of L1.2-Boc. These results further underscored the importance

of base optimization in enhancing the efficiency of the demesylation process.

Table 2.1.4 Evaluation of base in one-pot Heck-Suzuki reactions.

cl
SO,Me

O N
7%6 [~ “sO;Me

N—
g 12eq
F3

F F =
_O Frag D (1-1eq)
ZAEN

o~
H,N

(Boc)20 (1.1 eq) Frag B-DiMs
e Pa(PPRRCly T pdcl, OO
s Base (5 eq) CaBt::eX;l;n; c/S(smol%)
Frag A (100 mg) 2MeTHF 0.8 ml), 75°C, 1h o2 2-MeTHF, 75 °C, 4-21h
— L1.2-Boc -
Step 1 (Heck) Step 2 (Suzuki)
# ELN* A%" A%"
Base L1.1- | L1.2- Base L1.3- | L1.3-Boc- | L1.2-
Boc Boc Boc© DiMs Boc
1 | DAG173-X30-1 NaOH (3M) 30 66 - 24¢ ND ND
2 | DAGI173-X31-1 K>CO; (3M) 91 4 - 15¢ 30 ND
3 | DAGI173-X32-1 | K;PO4(3M) 79 14 - /S / /S
4 | DAGI173-X30-2 EtN ND 91 NaOH (3M) 63 12 ND
5 | DAG173-X31-2 EtN ND 94 K>COs (3M) 80°¢ 2 ND
6 | DAG173-X32-2 Et;N 0.3 92 K;3P0O4 (3M) 56/ ND 19

“All reactions were performed on 100 mg scale of racemic Frag A; °A% measured at 275 nm by
LCMS; “Two atropisomers (minor/major (A%) ~ 1/5) were observed.; “21h; ¢4h; /Not proceeded
for Suzuki due to lower conversion of Heck step; ND= non-detect.

Base screening for demesylation was conducted, observing the current double-dosed
conditions (i.e., using Pd(PPh3)2Cl: as the catalyst and TEA as the base in the Heck reaction, then
PdCly/CataCXium A as the second catalytic dose in the Suzuki reaction). As shown in Table 2.1.5,
all tested inorganic bases, including NaOH, K,COs;, K3POs, and KOH, achieved excellent
conversion in the demesylation step, with residual L1.3-Boc-DiMs remaining below 1 A%. As
concomitant formation of potassium salts aided precipitation during workup, KOH was selected

as the preferred base for demesylation following completion of the Suzuki transformation.

Table 2.1.5 Base screening for demesylation for synthesis of L.1.3-Boc.
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B o /QgiNSOZMe
F F = 75% B e
S N SO,Me
O//y,\oﬁag D (1.05 eq) ng 12¢eq
HaN (Boc)20 (1.1 eq) Frag B-DiMs
Br (Fmoi%s)
ot e, I
Br 2-MeTHF (8V), 75 °C, 2-3h CataCXium A (6 mol%) == L1.3-Boc
A15 (100 mg) o 2MeTHF (2), 75 °C, 3h L1.3-Boc-DiMs: R = Ms
— L1.2-Boc . ’ ks (5 ea)
L1.3-Boc: R=H j
In- lysis (A%)”
# ELN Base (5 eq) Time (h) n-process analysis (A%) -
L1.3-Boc° L1.3-Boc-DiMs
1 AHS186-X28-1 NaOH (3M) 2 82 ND
2 DAGI173-X31-3 K»>CO; (3M) 4 80 0.3
3 DAG173-X32-3 K;3P0O4 (3M) 4 82 ND
4 RVE196-X16 KOH (3M) 2 81 0.6

“All reactions were performed with racemic A1.5 on 100 mg scale, after completion, the reaction
mixture was acidified with HOAc to afford L1.3-Boc; A% measured at 275 nm by LCMS; “Two
atropisomers (minor/major (A%) ~ 1/5) were observed.

Thus, unoptimized conditions for the one-pot, double-dosed Heck-Suzuki sequence were as

follows:

e Boc protection & Heck reaction

o A one-pot Boc protection and Heck alkynylation was performed using Frag A (1
equiv), Frag D (1.1 equiv), Boc2O (1.1 equiv), EtsN (5 equiv) and Pd(PPh3).Cl (1
mol%) in 2-MeTHF (8 V) at 75 °C for 2-3 h. This afforded L1.2-Boc in 90-95 A%

(275 nm).

o 5-10 A% of L1.2-Boc-DiFd was observed as a side product during the Heck step.®

e Suzuki reaction & Demesylation

o The crude Heck reaction mixture was submitted to a Suzuki coupling with Frag B-
DiMs (1.2 equiv), PdCl: (3 mol%)/CataCXium A (6 mol%), and water (2 V) at 75 °C
for 3 h. This was followed by demesylation using KOH (3M, 5 equiv) at 75 °C for an
additional 3 h, yielded L1.3-Boc in 80-85 A% (275 nm).

¢ The purity and the stoichiometry of Frag D are critical to minimizing formation of the side product L1.2-Boc-
DiFd. Employing 1.03 eq of Frag D (> 97 wt% purity) successfully limited the side product to NMT 5 A% of the
side product. See Table 2.1.5 for details.
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o 5-10 A% de-boronated species derived from Frag B-DiMs was observed during the
Suzuki step.

To identify the optimal reagent equivalents for maximizing yield, improving reaction
purity profile, and achieving the best RMC economics, a Design of Experiments (DOE) analysis
was performed for each Pd-catalyzed coupling step." For the Heck reaction, a central composition
design (CCD) was employed, evaluating 4 factors (equivalent of Frag D, catalyst loading, reaction
temperature, and solvent volume) with 5 levels of each factor. Similarly, the Suzuki reaction was
optimized using a 5-factor, 5-level CCD approach, examining equivalents of Frag B-DiMs, PdCI»
loading, CataCXium A amount, reaction temperature, and water volume. However, the
individually optimized conditions for each step could not be directly applied to the one-pot
telescoped sequence, likely due to the complexity and interdependence of the system. As a result,

a one-factor-at-a-time (OFAT) strategy was adopted for fine-tuning and process development.

DOE examination of Frag D equivalents revealed that the Heck reaction occurred at both
bromide positions in Frag A. The initial coupling preferentially targeted the ortho-bromo site,
however, excess Frag D also reacted with the meta-bromo position, leading to undesired
bisalkynylation. This side reaction not only consumed the desired product L1.2-Boc, but also
increased impurity levels, complicating downstream purification. Conversely, insufficient Frag D
resulted in incomplete conversion of L1.1-Boc, which would subsequently react with Frag B-
DiMs during the Suzuki step. This led to the formation of bis-Suzuki side products, further
complicating purification during the final API isolation. To determine the optimal equivalent of
Frag D for the Heck reaction, an equivalency screen was performed while keeping all other
reaction conditions constant. As summarized in Table 2.1.6, using 1.06 equivalents of Frag D
achieved full conversion of L1.1-Boc, yielding approximately 95 A% (275 nm) L1.2-Boc along

with a manageable amount of side product L.1.2-Boc-DiFd.

Table 2.1.6 Optimization of equivalents of Frag D to minimize the undesired bisalkynylation.

" DOE design was carried out by Design-Expert® software, version 23.1.8 (64-bit), Stat-Ease, Inc., Minneapolis,
MN, USA, www.statease.com.
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__ Exact Mass: 556.08 __

Exact Mass: 531.07

Exact Mass: 389.92 Cl
F g BocyO (1.1eq) SO,Me
Me // O*B N
Mei/ & Nofl sOuMe
H,N Frag L) - Frag B-DiMs
O e | NN | g 1 Gatdoxhf RIL-....
NZ " Pd(PPh3)2Cl> PdCl,
| (0.6 mol%) 3 /6 mol%)
BrX TEA (5 eq) 20 (2 ml/g) Me
2-MeTHF (8 ml/g) 70°C, 3h
(S)-A1.5 70°C, 1-3h L n d DiMs: R = Ms
L1.2-Boc ‘Exct Mass: 851,14 :I KOH (3M)
L1.3-Boc: R=H 1-2h
Major detected impurities: F F Cl H’N_SOZMe h
F. F
SO,M A
'\iepec O N cl cl
BOC,H R \~cF; SO,Me SOe
NABT Me Ny O H oy N'H H - 'SO,Me
U e e MeO,s-N. i br. Er,
Exact Mass: 489.97 Exact Mass: 622.20 Exact Mass: 652.00 Exact Mass: 327.01 Exact Mass: 404.98
L1.1-Boc L1.2-Boc-DiFd Di-Frag B-MoMs Frag B-MoMs-DeBo Frag B-DiMs-DeBo
(. J
- Y ¢
) FragD | Time/ In-process (A%)
? ELR (eq) h L1.1-Boc L1.2-Boc L1.2-Boc- Frag D’
' ' DiFd g
1 DAG173-X40-1 1.01 4 1.0 94.7 4.2 ND
2 DAG173-X41-1 1.02 3 0.8 94.7 4.4 ND
3 AHS186-X34-1 1.03 2 0.4 94.8 4.7 ND
4 AHS186-X33-2 1.06 2 0 94.6 5.4 ND
5° AHS186-X35 1.03 3 1.0 95 3.2 0.3

“1g of (§)-A1.5; %5 g of (5)-A1.5; (HPLC was measured at 275 nm; ‘GC-MS TIC Area%. ND: not
determined.

In parallel, efforts were made to lower RMC of the telescoped process by reducing the
amount of Frag B-DiMs and/or catalyst loading in the Suzuki reaction. As shown in Table 2.1.7,
a range of Frag B-DiMs equivalents (1.0 - 1.2) and PdCly/CataCXium A loadings (2/4 to 3/6
mol%) were evaluated. These conditions delivered comparable conversions to L.1.3-Boc (74-82
A%), with varied and noteworthy quantities of residual L1.2-Boc (5-14 A%). Based on these
findings, the condition employing 1.2 equivalents of Frag B-DiMs, 3 mol% of PdCI, and 6 mol%

of CataCXium A was selected for scale-up.

Table 2.1.7 Optimization of equivalents of Frag B-DiMs and catalyst loading for Suzuki reaction.
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Exact Mass: 389.92

Exact Mass: 556.08 __

Exact Mass: 531.07

Cl
Boc,0 (1.1
F F I\C/I)ZZ (// eq) ouy NSOZMe
Mei/ 3 [ soMe
NG Frag S eq) ngFra% 8-Ditvs
NZ~~B"  Pd(PPh3)Cly PdCl,
(0.6 mol%) 3 /6 mol%) Me
Brr X TEA (5 eq) L0 (2 ml/g) Me
2-MeTHF (8 ml/g) 70°C, 3h
(S)-A1.5 70°C, 1-3h
L1.3-Boc-DiMs: R = Ms
Exact Mass: 881.14 :_I KOH (3M)
L1.3-Boc: R=H 1-2h
( Major detected impurities: F. H )
Cl  *N-SO,Me
F. F
Cl cl
H % SO;Me SO,Me
Boc” H N H N
N7 Br Me — Y H _ ‘SO,Me
N | Me e MeOS-N, i ng Fs
Exact Mass: 489.97 ExaCtZMass: 622.20 Exact Mass: 652.00 Exact Mass: 327.01 Exact Mass: 404.98
L L1.1-Boc L1.2-Boc-DiFd Di-Frag B-MoMs Frag B-MoMs-DeBo Frag B-DiMs-DeBo
In-process analysis (A%, 275 nm)*
Frag B- Pd/L _
# ELN DiMs (eq) | (mol%) | L1.2- |L1.2-Boc- NI[J(}I'\%IS- Di-Frag L1.3b-
Boc DiFd B-MoMs | Boc
DeBo
1 | DAG173-X40-1 1.0 2/4 14 2.6 5.6 0.9 74
2 | DAGI173-X40-2 1.1 2/4 8 2.4 5.9 0.6 80
3 DAG173-X42 1.2 2/4 5 2.8 6.7 0.7 80
4 | AHS186-X34-1 1.1 3/6 7.4 2.8 4 0 82

“A% (Area%) was measured by HPLC (or LC-MS) at 275 nm; *Two atropisomers (minor/major
(A%) ~ 1/5) were observed.

Thus, the optimized reaction conditions for the one-pot, double-dosed Heck-Suzuki sequence are

as follows. Critical process parameters identified to date are also summarized.
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Boc protection & Heck reaction

o A one-pot Boc protection and Heck reaction was performed using Frag A (1 equiv),
Frag D (1.06 equiv), Boc2O (1.1 equiv), EtzN (5 equiv) and Pd(PPh3):Cl> (1 mol%) in
2-MeTHF (8 V) at 75 °C for 2-3 h. This afforded L.1.2-Boc in 90-95 A% (275 nm).

o Less than 5 A% of L1.2-Boc-DiFd was observed as a side product during the Heck

step.

Suzuki reaction & Demesylation



o The crude Heck reaction mixture was subjected to Suzuki coupling with Frag B-DiMs
(1.2 equiv), PACI (3 mol%)/CataCXium A (6 mol%), and water (2 V) at 75 °C for 3
h. This was followed by demesylation using KOH (3M, 5 equiv) at 75 °C for an
additional 3 h, yielded L1.3-Boc in 80-90 A% (275 nm).

o 5-10 A% de-boronated species derived from Frag B-DiMs were observed during the
Suzuki step.

e C(ritical process parameters (CPPs)

o Inert atmosphere: Failure to achieve complete deoxygenation of the reaction system

will result in low conversion of LL1.2-Boc. See section 2.1.2 for details.

o L1.1-Boc Consumption: Residual L1.1-Boc must be below 0.2 A% (275 nm). Bis-

Suzuki side product from L1.1-Boc introduces challenges during API purification.

o Boc20 Addition: Boc;O should be added at a temperature no higher than room

temperature due to the exothermic nature of the Boc-protection.

o Potassium salt of L1.3-Boc formation: Forming L.1.3-K-Boc enabled efficient liquid-

liquid extraction (LLE) workup and precipitation during purification.
2.1.2  Practical workup and purification for scalability

With optimized reaction conditions established, efforts shifted toward developing an LLE
method for efficient workup, removal of impurities and Pd residues, and product precipitation. To
evaluate the solubility and partitioning behavior of L1.3-Boc, its pKa was measured in MTBE via
acid-base titration,* and determined to be approximately 10.5 (Figure 2.1.1). Partitioning between
MTBE and water across varying pH levels was assessed by HPLC. As shown in Figure 2.1.1,
L1.3-Boc exhibited high solubility in MTBE at pH values below 10 (0.5 units below its pKa).
Conversely, at pH value above 12 (1.5 units above its pKa), the alkaline salt form of L.1.3-Boc
showed excellent solubility in aqueous layer. These findings suggested that adjusting the reaction
mixture to pH 13-14 might enable effective removal of organic impurities by solvent wash.
Various organic solvents (Toluene, EtOAc, iPrOAc, 2-MeTHF, MEK, MIBK, etc.) were screened
to purge organic impurities from the basic aqueous solution. Toluene purged these impurities but

presented challenges with emulsions and layer separation. MEK enabled excellent layer separation
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from the aqueous phase. PhMe/MEK (9/1, v/v) removed organic impurities, particularly L1.2-
DiMs-DeBo, however, the binary solvent system still suffered from poor layer separation. Among
the screened solvents, MTBE was optimal for purging impurities such as L1.2-Boc-DiFd, L1.2-
Boc, and Frag B-DiMs-DeBo (all of which lack free methylsulfonamide (-NHMs) groups). MIBK
showed excellent solubility for L1.3-K-Boc across the entire pH range. Although ineffective at
purging impurities, MIBK exhibited excellent phase separation and proved to be a highly effective

solvent for extracting the desired product from the aqueous layer after impurity removal.

Water soluble MTBE soluble

M Hl
_—
MTEE / Aq from wkup
L1.3-K-Boc L1.3-Boc
Titration of L1.3-K-Boc (Aqg from wkup) L1.3-Boc Partitioning in MTBE/H,O (HPLC results)
120
.g 100
5
N 2 80
T 8 i
< 3 g
B . . E’ —8— MTBE layer
r Inflection point T 40 o
pKa ~10l5 g aver \“
2 z 20
0 0
0 01 02 03 0.4 05 0.6 0.7 0.8 09 1 6 7 8 9 10 11 12 13
IMHCl/ mL pH (Aq)

Figure 2.1.1 pKa measurement of L1.3-Boc and partitioning in MTBE and H>O layer. MTBE
effectively rejects L1.3-K-Boc, while readily dissolving organic impurities, at pH > 12.5. Titration
experiment: 0.1M L1.3-K-Boc in 5 mL MTBE / 10 mL water, titrated with 1M HCI at 21°C, after
each 0.1 mL addition of HCI, both organic and aqueous layers were sampled (30 pL into 1.00 mL
CH3CN) for HPLC analysis. Peak areas were normalized using the first and last data points.
Inflection point in the titration curve corresponds to a pKa of ~10.5 for L.1.3-Boc.

Initial application of MTBE in the liquid-liquid extraction (LLE) workup of alkaline L.1.3-
K-Boc, to purge impurities, met with significant product loss. Residual 2-MeTHF from the
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telescoped coupling reaction was identified as the primary cause.’ To address this, azeotropic
distillation was employed to remove 2-MeTHF from the system. Its removal effectively minimized
product loss in subsequent MTBE washes. Three MTBE washes were sufficient to purge organic
impurities, resulting in a crude of ~95 A% (HPLC, 275 nm). Crude L1.3-K-Boc was then retrieved
from the aqueous layer via two MIBK extractions. To precipitate L1.3-K-Boc from the MIBK
solution, various anti-solvents and minimal MIBK volumes were evaluated/ The optimal

precipitation conditions were identified as follows:
¢ 5 volumes of MIBK: Provided favorable conditions for precipitation

e 10 volumes of heptane: Enable formation of fine precipitates

Based on the established LLE workup and precipitation conditions, L.1.3-K-Boc was isolated as a

light-yellow solid in 62-70% yield, with approximately 90 wt% purity (> 97 A%, 275 nm)*.

A telescoped Heck-Suzuki sequence was developed using a double-dosed Pd catalyst
system: 1 mol% of Pd(PPh3)2Cl; for the initial Heck reaction, followed by 3 mol% of PdCI, and 6
mol% of CataCXium A for the subsequent Suzuki coupling. This strategy enabled the first
synthesis of the key intermediate for lenacapavir API. Notably, the advanced Pd-coupling strategy
facilitated early-stage Pd removal, aligning with final API specifications.*® In accordance with the
ICH Q3D(R2) guideline for elemental impurities, the final API must contain less than 10 ppm of
Pd residue for both oral and injectable drug substances.’” Compared with Gilead’s 2024 process,°
which incorporates Pd removal at a late stage, the M4AALL route offers a strategic advantage by

enabling earlier Pd purging during the synthetic sequence.

Table 2.1.8 Pd scavenger screen for removal of Pd residue from crude L1.3-K-Boc.

# Sample ID Scavenger (0.2 g) A%, (275 nm) Pd (ppm)’ | Recovery yield
1 DAG173-X47 Source batch 97 395°¢ NA

12-MeTHEF is the reaction solvent during the telescoped coupling reactions. Since L1.3-K-Boc is soluble in 2-
MeTHF, performing MTBE washes in the presence 2-MeTHF leads to product loss.

7 L1.3-K-Boc is crystalline, offering the opportunity to develop recrystallization conditions for purification.
Recrystallization of the crude from IPA afforded off-white solid with 89 A% (275 nm); Recrystallization from
toluene / heptane afforded pale-yellow solid with 92 A% (275 nm).

k Refer to Table 2.1.10 for the detailed data.
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2¢ | DAG173-X47-NAC | aq NAC (20 mol%) 98 61 ND
3¢ | DAGI173-X47-PIX | aqPIX (20 mol%) 98 89 ND
4 DAG173-X46 Source batch 97 261° NA
5 RVE196-X27-2 (CYS) Cysteine 95 105 85%
6 RVE196-X27-4 Dimer(clzx;lgiazine 95 18 88%
7 RVE196-X27-6 (IMI) Imidazole 95 21 88%
8 RVE196-X27-8 (THU) Thiourea 96 16 89%
9 RVE196-X27-10 (TRI) Triamine 94 59 84%
10 RVE196-X27-12 (SH) Thiol 94 13 74%
o

HS/\HJ\OH
)\Oj\SK HNE/

potassium isopropyl xanthate (P1X) N-aceyl-cysteine (NAC)
SH
H
N ONa
@i @ oy
o
SiliaMetS Triamine (TRI) SiliaMetS Thiol (SH) SiliaMetS Cysteine (CYS)
i J.
NF N
~ | ( ;>’ ~T N
@MH i @/\/\HAWAEH Q)"'
SiliaMetS Thiourea (THU) SiliaMetS DMT (Dimercaptotriazine) SiliaMetS Imidazole (IMI)

“L1.3-K-Boc (200 mg) was stirred with the respective scavenger (1:1, wt/wt) in 10 volumes of MIBK at
50 °C for 2 hours, unless otherwise stated in the table. The resulting slurry was cooled down to 20 °C and
filtered using a disposable funnel (10 micron), and the solid was washed with MIBK (3 x 10 volumes). The
combined organic filtrate was concentrated under reduced pressure at 50 °C and then dried in a vacuum
tray dryer (VTD) at 75 °C for 16 hours for Pd residue measurement; “Pd content was measured by ICP-
OES; “No Pd scavenger treatment; 9A mixture of L1.3-K-Boc in MIBK and 20 mol% NAC in 3% w/w
KOH at 50 °C for 2h; °A mixture of L.1.3-K-Boc in MIBK and 20 mol% PIX in 3% w/w KOH at 50 °C for
2h.

A range of Pd scavengers was screened to reduce residual Pd in L1.3-K-Boc. As
summarized in Table 2.1.8, NAC and PIX treatments reduced Pd content from 395 ppm to 61 ppm
and 89 ppm, respectively.’®*° While initially promising, further Pd reduction could not be
achieved. Neither doubling the scavenger concentration nor extending treatment time yielded
additional improvement. SiliaMetS scavengers, however, showed superior performance.***' Most
variants exhibited strong Pd removal capabilities, with SiliaMetS SH achieving a reduction to 13

ppm. Despite its effectiveness, challenges remained: the process required high scavenger loading
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(100 wt%) and enabled moderate recovery (74%), which posed limitations for cost-effective

process development.

Weight loading and operating temperature of SiliaMetS SH were examined for Pd removal
efficiency. Temperature was found to be a crucial factor impacting its Pd scavenging performance
(Table 2.1.9). At 50 °C, lower scavenger loadings, such as 75 wt% or 25 wt%, only reduced Pd
levels to approximately 100 ppm. Significant enhancement in Pd removal was observed at 80 °C;
initial experiments demonstrated that both 5 wt% and 10 wt% scavenger loading effectively
reduced Pd levels to below 10 ppm after 20 h of treatment. Furthermore, a shorter treatment
duration of 3 h was sufficient to achieve a Pd concentration below 10 ppm. Notably, the Pd
treatment process did not introduce any additional impurities, and the purity profile remained

unchanged or slightly improved.

To improve L1.3-K-Boc recovery during filtration, 50 wt% of Celite! was added as a
processing aid. This resulted in a faster filtration and increased the isolated yield to more than
95%. The Pd removal process was thus implemented into the LLE workup and the 10 wt% Pd
scavenger loadings was selected for scale-up. During the LLE workup, the resulting MIBK
solution was treated with 10 wt% SiliaMetS SH at 80 °C for 3h, utilizing 50 wt% of Celite as a
filtration aid. The resulting solution was concentrated to 5 V and precipitated with heptane (10 V),
affording L1.3-K-Boc with excellent recovery and < 10 ppm Pd. It is worth noting that the
potassium level decreased from 4% to approximately 2%, indicating neutralization occurred
during the SiliaMetS SH treatment. Reduction of potassium content also introduced challenges in
the subsequent precipitation process. However, a basification step applied to the solution resulting
from the SiliaMetS SH treatment successfully restored the potassium level, thereby enabling a

smooth and efficient precipitation process.™

Table 2.1.9 Efficiency improvement of Pd removal in L1.3-K-Boc.

! The amount of Celite is relative to the substrate mass. While it might be plausible to reduce the amount of the
Celite, its quantity was not optimized due to time constraints.

™ The authors hypothesize that further decreases in the loading of SiliaMetS Thiol (e.g., less than 5 wt%) — with the
achievement of residual Pd < 10 ppm — is plausible. Further reduction in the Pd sequestrant loading is anticipated to
minimize the neutralization phenomenon, possibly negating the subsequent base treatment.
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SiliaMetS SH (x wt%), MIBK
(10V), 80 °C, time

oM L1.3Boc L1.3-K-Boc
Exact Mass: 841.12 Exact Mass: 841.12
Pd content : 500 ppm Pd content : <10 ppm (LOQ)
ya ELN SiliaMetS Temp Time Pd Recovery
SH (wt%o) | (°C) (h) (ppm) yield (%)
1° AAN174-X33 - - 500 -
2 | RVEI196-X27-15 75 50 3 129 95
3 | RVEI196-X27-13 25 50 3 188 83
4 RVE196-X31-1 5 80 20 <10 (LOQ) 92
5 RVE196-X31-2 10 80 20 <10 (LOQ) 93
6 RVE196-X31-6 5 80 3 <10 (LOQ) 95
7 | RVE196-X31-7 10 80 3 <10 (LOQ) 95

“See Table 2.1.8 (note a) for experimental procedure; “Source batch for Pd scavenger weight loading
study.

As a result, the finalized process flow diagram of Milestone 1 is presented in Figure 2.1.1.
The simplified reaction setup is illustrated in Figure 2.1.1 (a). Milestone 1 requires two reactors:
Boc-protection and Heck alkynylation are carried out in the Reactor 1. Upon completion, the
reaction mixture is transferred to Reactor 2, where the Suzuki reaction and de-mesylation are
performed. Cannular transfer under positive argon pressure is employed to deliver solvents and
liquid reagents, as well as to transfer the reaction mixture from Reactor 1 to Reactor 2. A
photograph of the two reactors is shown in Figure 2.1.1 (b). All the decagram scale verification
and scale-up reactions are conducted using the ChemRxnHub reactor system with Huber
circulators as shown in the picture. The detailed process flow diagram of the workup and

purification steps is depicted in Figure 2.1.1 (c).
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DiFB

(2-MeTHF and/or Water Y 4-way valve to
+ keep the desired
direction

(a)
Pump
R1 = = k2
w) G ‘
A line 1
>
—
= .
line 2
Reactor 1 Reactor 2
Frag A, Boc,0 Frag B-DiMs
CataCXium A
PdCl,

Pd(PPh;3);Cl;
Frag D

(c)

Compression fitting is connected
to the drain valve

Distill at 50 °C, NLT 55 torr ]

—-[ Add siliaMets Thiol, 80 °C, 3h ]

GC-FID (Non-Detect 2-MeTHF)

_,[

[ Reaction mixture, cool to 20 °C ]

[ Adjust pH 2 12.5 with 3% KOH ]

[ Filter through celite plug ]

Discard ag phase, de-
Boron impurities

[ Add 5V x 3 MTBE, set TCU to 40 °C ]

[

L
2-MeTHF layer, Distill, 50 °C, ]

NLT 100 torr

Discard MTBE, L1.2-
Boc, L1.2-DiFd

L
Cool to 20 °C, Add celite, stir ]

10 min

with 10V MIBK

The process comprises five major operations:

L
Agueous layer was extracted I

MIBK distillate [5V), Precipitate
with 10V heptane at 50 °C

Cool to 20 °C, Vacuum
filter wet solid

Filtered to obtain MIBK
layer
Dry solid in vacuum oven at
75 °C, 30 torr, 12h
L
[ Treatment with 3% KOH ag ]

Separate MIBK layer, distill at 50
°C, NLT 20 torr

1) Azeotropic distillation to remove 2-MeTHF

2) MTBE-assisted purging of organic impurities

3) MIBK-based extraction of L1.3-K-Boc¢
4) SiliaMetS SH treatment for Pd removal followed by basification
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pictures; ¢) process flow diagram.



5) Heptane-induced precipitation

Through these five major operations, the telescoped process yielded L1.3-K-Boc with an isolated

yield of 60-70%, and > 90 wt% purity (>97 A%, 275 nm). The process was verified at decagram

scale and documented”. Overall, the CPPs of the telescoped process are summarized below:

High purity of Frag D° (> 98 wt%) is essential to accurately control the 1.05-1.06

equivalents in the Heck reaction. Lower purity (~90 wt%) has led to inconsistent results.

Complete conversion of L1.1-Boc is necessary to prevent undesired downstream double

Suzuki reactions, the products of which cannot be removed by the aforementioned LLE

Formation of the potassium salt (L.1.3-K-Boc) is crucial for solid isolation following LLE

workup.
Azeotropic removal of 2-MeTHF is essential to minimize product loss during LLE workup

pH adjustment to > 12 enables efficient impurity removal via MTBE extraction while

minimizing product loss to the organic layer.

MIBK-based LLE provides excellent phase separation, allowing for effective recovery of

L1.3-K-Boc from the aqueous layer

SiliaMetS SH treatment at 80 °C streamlines Pd removal in a cost-effective manner. A

subsequent base treatment facilitates smooth precipitation.

Concentration of MIBK solution to 5 V ensures robust precipitation upon the addition of

10 V of heptane.

Table 2.1.10 Decagram-scale verification of one-pot double-dosed Heck-Suzuki Sequence.

" The scanned documented process was provided in Chapter 3.1.
°The use of commercial Frag D with approximately 90 wt% purity led to inconsistent outcomes in our Heck
reactions.
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Exact Mass: 556.08430 Exact Mass: 531.06837

Exact Mass: 389.91788 Cl
F F BoezO (E * 0L poMe L1.3-Boc-DiMs: R = Ms
Me?// d) ‘/ *S0,Me Exact Mass: 881.14
Frag B-DiM

HN < FragD Pt ng (1T;iq) o NR KOH(3M,

NZ Br Pd(F’Ph3)2C|2( % PdCl, “SO,Me 6eq), 72 C, 1h
mol%) (3 /6 mol%) Me
X TEA (5.0 eq) 2-MeTHF (2'V) Me
2-MeTHF (8 V) H,0 (2V) L1.3K-Boc: R =K
(S)-A1.5 72°C, 2-3h O,Me L1.2-Boc 72°C, 3h O Me Exact Mass: 841.12
In-process analysis data (A%)”
Step 1 Step 2
# ELN“ L1.2- | L1.3 L1.2- | FragB- Di- Major unknowns
L1.2 L1.2 Retention Time (min)
-Boc Boc- | -K- Boc Boc- | MoMs- | FragB-

DiFd | Boc* DiFd DeBo MoMs | 7.2 | 8.8 | 12.1 | 12.8

1 | DAG173-X47 95 5 785 | 73 44 6.4 1.1 02 1021 04 0.6

2 | AAN174-X33 94 6 833 | 32 5.1 55 0.7 0 0 0.4 0.5

39 | AAN174-X34¢ | 90 8 49.5 | 232 | 10.1 10.1 3.5 0.7 S 0.2 0.2

48 | DAG173-X51° | 94 6 84.0 | 23 4.6 5.8 0.6 02 1021 0.6 0.4

Output after LLE purification

3 0/\b

4 ELN HPLC data of isolated compound (A%) K

L1.3- | FragB- Major unknowns Mass ;’V; (wt (I)Y A Pd .

K- MoMs- Retention Time (min) (2 Yo %)’ (%) | (ppm)

Boc* DeBo 7.2 | 88 | 12.1 | 12.8
5 | DAG173-X47 97.7 0.3 ND | 03 | 0.6 0.4 154 | 78 4.0 62 395
6 | AAN174-X33 98.7 0.5 ND | O 0.8 0 16.9 79 | 4.0 69 500
7¢ | AAN174-X34¢ 97 1.0 060 03 | 0.2 0.2 33.1 81 4.2 34 <114
8¢ | DAG173-X51¢ | 98.1 0.8 ND | ND | 1.1 ND 65 86 | 4.7 70 8"

“All reactions were performed on 10g scale of Frag A (1.0 eq), Frag D (1.1 eq), Boc2O (1.1 eq)
and Pd(PPh3)ClL (1 mol%), unless otherwise stated; L.1.1-Boc was completely consumed in all
Heck reactions; ?A% measured at 275 nm by HPLC; “Two atropisomers (minor/major (A%) ~ 1/5)
were observed; “Low yield due to the failure to achieve complete deoxygenation of the reaction
system during Suzuki reaction; 40g of Frag A was used;/Overlaped with L1.2-Boc-DiFd (8.5
min); ¢1.05 eq of Frag D was used; "Wt% based on L1.3-Boc free base was obtained by HPLC,
containing 3-8 wt% of MIBK, 1-2 wt% of water; ‘Potassium content was measured by LC-ELSD;
ICorrected by wt%; “Obtained by ICP-OES; ‘Treated with 100 wt% SiliaMetS SH at 80 °C for 3h;
"Treated with 10 wt% SiliaMetS SH at 80 °C for 3h. ND = Non-detect.

Several verification batches were conducted at the decagram scale prior to formal process
documentation. The results, summarized in the Table 2.1.10 (entries 1-3, 5-7), underscore the
efficiency of the telescoped, double-dosed Pd-catalyzed synthesis of L.1.3-K-Boc. These trials also
guided the fine-tuning of Frag D stoichiometry, with 1.05 equivalents identified as optimal for the

finalized process (entries 4 and 8). The two atropisomers of L.1.3-Boc remained unchanged before
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and after purification, with a consistent minor-to-major isomer ratio of approximately 1:5, based
on A% (275 nm). Documentation of the optimized route was completed and archived, with
scanned records provided in Chapter 3.1. This work marks the development of the first one-pot

catalytic system for constructing the core structure of the complex lenacapavir molecule.

2.1.3 Process safety assessment for Milestone 1

Safety assessment of a chemical process is crucial to determine its suitability for scale-up,
particularly for Pd-catalyzed coupling reactions.*? Reaction calorimetry provides critical insights
by measuring the heat evolved or absorbed during a reaction, including parameters such as
adiabatic temperature rise (AT.d) and maximum temperature of synthesis reaction (MTSR).
Among calorimetric techniques, heat flow calorimetry (HFCal) is particularly valuable as it closely
mimics the plant-scale operations. In HFCal, a circulation system maintains isothermal conditions
by removing heat at the same rate as it evolves during the reaction. To support safe scale-up, we
conducted a comprehensive reaction calorimetry study using Mettler-Toledo EasyMax 102
system. This study measured AT.q and MTSR for each step of Milestone 1, providing a detailed

thermal assessment of the telescoped process.

Specifically, the dosing of the Boc anhydride/triethylamine in the Heck coupling, the
addition of deionized H>O/2-MeTHF in the Suzuki, and the KOH addition during the hydrolysis
were evaluated. The reaction calorimetric analysis for the Heck coupling was conducted using 5 g
of Frag A in a 100 mL vessel.” The AH calculations, based on the moles of Frag A deployed, are
summarized in Table 2.1.11. The addition of Boc anhydride and triethylamine to the reaction mass
at 23 °C was found to be minimally exothermic, with a total heat of the reaction (AH;) -16.0 kJ/mol
(based on 5g of Frag A). The MTSR — defined as the sum of the adiabatic temperature rise (ATaa)
and the maximum process temperature — was determined to be 70.1 °C (ATaq¢ = -3.27 °C). This
value is below the boiling point of the reaction solvent 2-MeTHF (i.e., 78.0 °C), indicating a low
risk of solvent boiling under cooling failure conditions. The maximum reaction temperature
(MRT), representing the peak temperature reached during the process step, was recorded at 69.0
°C. Additionally, the maximum heat generation (MHQG) during the addition was measured at 8.36
W. Based on standard reactor cooling capacity thresholds — Low severity: ATaq<50 °C and MHG

? See Appendix for calorimetry experimental details.
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<30 W; Medium: ATaq 50-200 °C; High: ATaq>200 °C and MHG >30 W)* — the step is classified

as low severity, indicating minimal thermal hazard.

Table 2.1.11 Heat evolution during the dosing steps of the Heck coupling.

. £ Boc,0 (1.1eq)

Me _~
MeAl//

O,Me

H,oN
(S)
Br
N=

Br\

Pd(PPh3)2Cl2

Frag D (1.1 eq)

0.6 mol%)
TEA (5 eq)
2-MeTHF (8 V)

(S)-A15

72 °C, 3-4h

L1.2-Boc

Process
Step

AH;
(kD)

AH;
(kJ/g)

AH;
(kJ/mol)

ATy
0

MTSR

O

MRT
O

MHG
(W)

G (J/gK)

U (Wm’K)

Before

After

Before

After

la

-0.204

-0.041

-16.0

-3.27

68.7

69.0

8.36

3.36

1.73

178.8

139.6

#Addition of Boc anhydride and triethylamine to the reaction mass at 23 °C, C, = Specific heat; U = Overall heat transfer
coefticient.

Similarly, heat effects for the Suzuki reaction were obtained from a reaction on 7.1 g of
L1.2-Boc. The AH calculations, based on the moles of L.1.2-Boc¢ are summarized in Table 2.1.12.
The addition of deionized H>O/2-MeTHF and aqueous KOH (3M) to the reaction mass at 72 °C
was found to be endothermic. The total AH; was found to be -163.9 kJ/mol and -1217.0 kJ/mol
(based on 7.1g of L1.2-Boc), for the addition of deionized H>O/2-MeTHF and aq KOH,
respectively. While the MTSR was observed to be -57.7 °C (ATaq = -129.7 °C) for the addition of
deionized H2O/2-MeTHF and 64.5 °C (ATaq = -7.54 °C) for aqueous KOH addition, which are
both lower than the boiling point of the reaction solvent 2-MeTHF. Additionally, the MRT was
found to be 69.0 °C for both process steps. Finally, an MHG of -2.92 W and -25.3 W were observed
during the addition of deionized H>O/2-MeTHF and aqueous KOH, respectively. Again, based on
prototypical reactor cooling capacity, the severity is considered low for the Suzuki reaction and

demesylation step.

Table 2.1.12 Heat evolution during the dosing steps of the Suzuki coupling and demesylation.
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cl
SOzMe
O.g N
>§/é sO,Me
{zF3Frag B-DiMs
PdCl, Cataexiirf
(3/6 mol%), H20 (2 Me
V), 68°C, 3h Me
L1.3-Boc-DiMs: R = Ms :| KOH (3M)
L1.3-K-Boc: R = K 1h
Process | AH: AH; AH; AT,y | MTSR | MRT | MHG Gy (J/gK) U (W/m’K)
Step (kJ) (ki/g) (kJ/mol) O O 0O (W) Before | After | Before | After
14 -2.09 -0.298 -163.9 -129.7 | -57.7 69.0 | -2.92 | -0.0475 | 0.250 | 207.0 | 179.2
20 -15.5 -1.51 -1217 -7.54 64.5 69.0 | -25.3 4.99 271 132.4 | 1954

?Addition of deionized H,O/2-MeTHEF to the reaction mass at 72 °C; *Addition of KOH to the reaction mass at 72
°C.

Overall, calorimetry data of Milestone 1 shows low severity of the process, indicating its suitability

for scale-up from the safety point of view.
2.1.4 Impurities identification and RT marker

The identification, synthesis, and characterization of impurities play a critical role in process
development, enabling a comprehensive understanding of the chemical process and, ultimately,
robust product quality.**~*7 For Milestone 1, impurities associated with the finalized conditions are
summarized in Figure 2.1.3. The corresponding HPLC retention times are provided as RT marker

to support in-process analysis monitoring and isolated product characterization.
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Exact Mass: 489.97

F. F
N
Boc”
NZ ‘ Br
Br N
O,Me i .
Calod Mass: 489.97 Calod Mass: 622.20 Caleg MaSS: 327:01 Caled Mass: 625.13
o . o . Found Mass: 626 (ESI+)
Retention time: 11.3 min Retention time: 8.8 min Retention time: 1.6 min Retention time: 17.67 min (LC-MS)
L1.1-Boc L1.2-Boc-DiFd Frag B-MoMs-DeBo L1.3-Ms-H (tentative)
MeO,S
N
Cl
HN-so,Me
\
H N
er,
MeO,S
Me Exact Mass: 1050.18 © Me  Calcd Mass: 1094.19
Found Mass: 1073 (M+Na) Found Mass: 1095 (ESI+)
Retention time: 13.52 min (LC-MS) Retention time: 13.52 min (LC-MS)
L1.3-Boc-DiFB1 (tentative) L1.3-Boc-DiFB2 (tentative)

Figure 2.1.3 Identified major impurities and RT marker in Milestone 1.7

2.2 H>SOs-based deBoc reaction and process development (Milestone 2)

With L1.3-K-Boc in hand, Boc deprotection was initially carried out using trifluoroacetic
acid (TFA),!” yielding the corresponding amine L1.3-Ms. Subsequent coupling with Frag C
proceeded smoothly, affording Len-API-H in > 90% isolated yield after column chromatography
(Scheme 2.2.1).

Exact Mass: 967.14

F' Exact Mass: 282.04

E
TFA (10 eq) H " Frag C (1.05 eq)
Toluene (5) SOMe TP (1.1 eq), EtN (1.5 eq)
o Me CH4CN (10 V), 20 °C, 2h
A 257C, 3h Me. . ’
O,Me Exact Mass: 803.16 g
ield: Exact Mass: 703.11 . - .
L1.3-Boc (5 g scale) yield: > 95% O, Me L1.3-Ms yield: > 90% (column purification)

Scheme 2.2.1 TFA-promoted Boc-deprotection and the subsequent amidation with Frag C for
Len-API-H synthesis.

7 Major impurities L1.1-Boc, L1.2-Boc-DiFd, and Frag B-MoMs-DeBo were synthesized and structurally confirmed
by 'HNMR, *CNMR, ""FNMR, and LC-MS (See the appendix for detailed synthetic procedures). Small amount (< 1
A% (275 nm) of L1.3-Ms-H, L1.3-Boc-DiFB1 and L.1.3-Boc-DiFB2 was detected by LCMS. Their structures were
tentatively proposed based on LCMS data. Please refer to GFN-002-LEN-ADR for the detailed analytical methods.
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The results supported the feasibility of the proposed synthetic route towards to the API.
Despite this initial success, several challenges had to be addressed to enable a process suitable for

adoption by generic pharmaceutical companies:

1. Although TFA-promoted Boc removal was efficient, complete elimination of residual TFA
during workup proved difficult. Remaining TFA reacts with the amino group in L1.3-Ms
to form trifluoroacetamide during the subsequent amidation, complicating purification of

the final API.

2. Increasing regulatory restrictions on PFAS compounds limit the use of TFA in

pharmaceutical manufacturing. !

To overcome these issues, alternative Boc-deprotection strategies were explored, with the

goal of identifying a practical, scalable, and reliable method for Boc removal.
2.2.1 Condition screening and optimization

Various mineral acids and methanesulfonic acid (MSA) were evaluated for Boc
deprotection of L1.3-K-Boc.’?> As summarized in Table 2.2.1, both H2SO4 (9M, 10 equiv) and
MSA effectively cleaved the Boc group, affording L1.3-Ms in 96-97 A% (275 nm). In contrast,
HCl and H3PO4 failed to deprotect L1.3-K-Boc. Notably, MSA produced a gel-like reaction
mixture that complicated purification. Optimization revealed that using less than 10 equivalents or
a lower concentration of HoSO4 was insufficient for complete Boc removal. Solvent screening
identified a mixture of toluene (4.5 V) and EtOH (0.5 V) as optimal, providing a homogenous
solution of L.1.3-K-Boc prior to acid addition. Upon addition of H>SO4, a heterogenous mixture
formed, but the subsequent workup proceeded smoothly, yielding L.1.3-Ms. Single solvents such
as MEK and MIBK provided high yields with H2SO4; concerns over the potential imine formation
between the ketone solvent and L.1.3-Ms ultimately led to their de-prioritization. EtOH enabled
smooth deprotection, but the presence of inorganic salts in the final product led to low wt% purity.
Ultimately, the combination of toluene (4.5 V) and EtOH (0.5 V) was selected for the preferred

solvent system for the Boc deprotection process.

Table 2.2.1 Acid screening and optimization for Boc deprotection of L1.3-K-Boc.
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Acid, Solvent, 20 °C

time
Exact Mass: 841.12 Exact Mass: 703.11
L1.3-K-Boc (0.1 g, 1.0 eq) L1.3-Ms
Time In-process A %”
# ELN No. Acid Solvent (h) L13- | L1.3- Remarks
Boc* Ms*
1 | RVE196-X5-5 | HClin MeOH (3M, 20 eq) | DCM (5V) 24 61 30 Low
2 | RVE196-X5-6 aq HsPO4 (4M, 20 eq) DCM (5V) 24 94 ND | conversion
3 | RVE196-X18-1 MSA (10 eq) Toluene (5V) | 5 ND 97 | Gel formation
Biphasic,
heat needed
4 | RVE196-X18-2 aq H2SO4 (9M, 10 eq) Toluene (5V) 5 ND 97 to dissolve
SM
5 | AHS186-X38-1 aq HaS04 (OM, 2 eq) Toluene (5V) | 20 24 75 | Incompletion
6 | AHS186-X38-2 aq H,S04 (2M, 5 eq) Toluene (5V) | 20 97 0.3 No reaction
7 | AHSI86-X38-3 | aqH,SOs(5.5M, 8eq) | Toluene (3V) | 20 80 17 | Incompletion
8 | RVE196-X18-3 aq H2SO4 (16M, 10 eq) Toluene (5V) 5 ND 97
Biphasic
9 | AHSI86-X40 aq H2S04 (9M, 10 eq) MEK (5V) 3 ND 97
10 | RVE196-X18-4 | aq H,SO4 (9M, 10 eq) water (5V) 22 96 <1 | Noreaction
11 | RVE196-X18-5 |  aq HaSO4 (9M, 10 eq) EtOH (5V) 6 <1 96 | SMsoluble
12 RVE'136'X23' aqH:S0; OM, 10eq) | MIBK (5V) | 1 ND | 98 Biphasic
Toluene/EtO
13 AHSlf6'X54' aq H2S04 (M, 10 eq) H 1 ND | 97 | SMsoluble,
& (4.5V/0.5V) heterogenous
Toluene/EtO reaction
14 AHSlﬁf'XS 41 aq HuS0s (OM, 10 eq) H 1 ND | 97 mixture
& (4.5V/0.5V)

All reactions were performed on 100 mg scale of L1.3-Boc; YA% measured at 275 nm, several other minor peaks
observed; “Two atropisomers (minor/major (A%) ~ 1/5) were observed.

The free base (neutral) form of L1.3-Ms was found to be critical for the success of the
subsequent amidation step. Both protonated and deprotonated congeners of L1.3-Ms led to
increased formation of regioisomer (Len-API-Isomer) and Len-API-DiC impurities (Scheme

2.2.2). Moreover, the ratio of protonated to deprotonated L.1.3-Ms was highly sensitive to the acid-
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base workup conditions, making it difficult to control and resulting in inconsistent amidation

outcomes.

SM (L1.3-Ms) without NaOH basification

Amindation of -NHMs
competes in protonated SM

SM (L1.3-Ms) without HOAc acidification

Amindation of -NNaMs competes more F. F
in deprotonated SM

Exact Mass: 967.14
Len-API-H 34 LCAP%
Retention time: 11-12 min
F Exact Mass: 282.04
OH

66 LCAP%

Fy N
0,Me Exact Mass: 703.11 3 Len-API-H L1.3-Ms

L1.3-Ms
FS
Frag C (1,025 eq)
T3P (1.1 eq), NMM (2 eq)
o
CHGCNR(10 \{I), -10°C, 2h . SLCAP%
xn O,Me Exact Mass: 967.14 Len-APl-Isomer

RVE196-X22 Len-APl-Isomer 25 LCAP%
Retention time: 4.9 min (minor), 6.0 min (major)

Rxn2

10 LCAP%
Len-API-DiC

AHS186-X46-1 O,Me
was srisMssiNasing H2s04,

basified with aqg NaOH

L1.3-Ms

Me
L1.3-Ms-H,S0,

11.3-Ms was synthesized

using H2S04, adjusted pH = 7
by NaHCO3

e Exact Mass: 1231.18
Len-API-DiC 19 LCAP%
Retention time: 16.7 - 17.2 min

Scheme 2.2.2 Purity profile of amidation using protonated or deprotonated L.1.3-Ms as the starting
material. Major impurities of Len-API-Isomer and Len-API-DiC were formed.

To address this issue, isolating the free base of LL1.3-Ms became essential. Initially, careful
basification was performed to remove residual H>SO4, followed by controlled acidification using
AcOH to neutralize the deprotonated L.1.3-Ms. Excess AcOH was then quenched with NaHCOs,
a weak base that was not expected to deprotonate L.1.3-Ms. While this sequence yielded neutral
L1.3-Ms and thus, a clean reaction profile in amidation, consistently achieving precise acid-base
treatments proved challenging. The resulting L.1.3-Ms continued to show variability in amidation
performance. Consequently, a more practical and robust workup process — based on pKa-guided
pH adjustment for free base isolation — was developed (vide infra) to ensure reproducibility and

scalability.
2.2.2  Practical workup and purification for scalability

To facilitate pH adjustment for isolating the free base form of L1.3-Ms, its pKa was
measured in iPrOAc via acid-base titration and determined to be between 9.8 and 10.2. Partitioning
behavior between iPrOAc and water across varying pH levels was also evaluated by HPLC (Figure
2.2.1). As shown in Figure 2.2.1, L1.3-Ms preferentially partitioned into iPrOAc at pH values

below 9 (i.e., ~1 order of magnitude below its pKa). In contrast, at pH values above 9, its
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partitioning into aqueous phase increased. These findings suggested that adjusting the reaction
mixture to pH 7-8 may promote effective formation of free base version of L.1.3-Ms, while also

enabling efficient extraction into organic solvent.

1M NaOH
—_—

SO,Me  iprOAc / DI H,0 "

Me

L1.3-Na-Ms

L1.3-Ms Initial Titration L1.3-Ms Titration

13

125

pH
=
=
pH

pKal ™~ 10.2

Get triphasic layer
Get heavy emulsion

o 0.2 0.4 0.5 0.8 1 172 0 02 0.4 06 0.8 1 12

1M NaOH / mL 1M HCl/ mL

L1.3-Ms Titration (HPLC)

2000
8000
7000
&000
5000
4000
3000

2000
1000
0

5 7 9 11 13
pH

HPLC area (275nm)

—8—PrOAC layer Agueous layer

Figure 2.2.1 pKa measurement of L1.3-Ms and partitioning in iPrOAc and H>O layer. iPrOAc
effectively dissolves L.1.3-Ms at pH < 9. Titration experiment: 0.1M L1.3-Ms in 5 mL iPrOAc /
10 mL water, titrated with 1M HCl at 21°C, after each 0.05 mL addition of HCI, both organic and
aqueous layers were sampled (30 pL into 1.00 mL CH3CN) for HPLC analysis. Inflection point in
the titration curve corresponds to a pKa of ~10.2 for L.1.3-Ms during basification, while a pKa of
~9.8 was observed during acidification.
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To optimize LLE, various organic solvents (e.g., EtOAc, iPrOAc, and 2-MeTHF) were
screened at pH 7.5. Among them, EtOAc demonstrated excellent solubilization for L.1.3-Ms and
enabled clean phase separation. What is more, a single EtOAc extraction efficiently retrieved L1.3-
Ms from the reaction mixture. This pKa-guided pH adjustment strategy proved to be a highly
effective and robust approach for the purification of L.1.3-Ms.

Reaction mixture/H,SO, — Organic layer washed by water
(10V x 2)

Extracted with EtOAc (15V) and precipitated by heptane (4V)

1 l

pH of organic layer was adjusted to Filtered and collected L1.3-Ms
7.5 with agNaOH (3M) (>98%lY, 92-98 wt%, 98 A%)

Figure 2.2.2 Batch process and LLE purification of L1.3-Ms.

[ Diluted with water (1V) ] [ Organic layer concentrated to 1V ]

As shown in Figure 2.2.2, upon completion of Boc deprotection, the reaction mixture was
diluted with water (1 V) to facilitate efficient phase separation during subsequent EtOAc (15 V)
extraction. The acidic organic layer was then treated with NaOH (3M) to achieve pH 7-8. To ensure
complete removal of residual Na* and SO4> ions, two water washes were performed, with ELSD
monitoring confirming their absence. The resulting organic layer was concentrated and
precipitated by the addition of heptane, yielding L.1.3-Ms with 92-97 wt% purity and 94-97%
isolated yield. The pKa-guided LLE strategy streamlined the workup, enhancing reproducibility
and product quality for the subsequent amidation step. The process was successfully demonstrated
on decagram scales, consistently delivered high yields and purity of L1.3-Ms, as summarized in

Table 2.2.2.
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Table 2.2.2 Results summary of Boc deprotection and pKa-guided LLE purification of L1.3-Ms
(decagram scale).

H,S0, (9M, 10 eq)
toluene (4.5V)/
EtOH (0.5V)
O,Me 25°C, 3h
Exact Mass: 841.12 OMe Exact Mass: 703.11
L1.3-K-Boc L1.3-Ms
Output after LLE purification
# | ELN 0 b.e
A% (LCMS, 275 nm) Mass Wioud IY Pd Res. | Water salts
L13 | L1.3- | L1.3- | L1.3- (2) | (%) | (ppmy | Sol. | (KF)
-Ms | Ms-Ac | Ms-Et | DiFB1
SRK18
1 5.X78 94 1 1 1 18 97 94 <10 ND 1 ND
SRK18
2 5.X79 96 0.6 1 0.6 18 92 95 10 - - ND
SRK18
3 5.X80 97 0.1 0.5 1.5 39 94 97 18 3 1 ND

“All reactions were performed at rt using L.1.3-K-Boc (25 g for entries 1, 2; 50 g for entry 3) and
H>S04 (9M, 10 eq), refer to Appendix for experimental details; ?A% measured at 275 nm by
HPLC, multi-small peaks (< 0.1 A%) were observed; Tentative structures of L.1.3-Ms-Ac, L.1.3-
Ms-Et, and L1.3-DiFB1 were shown in Figure 2.2.3; “Two atropisomers (minor/major (A%) ~
1/5) were observed; “Wt% was obtained by HPLC; “Corrected by wt%; /Obtained by ICP-OES.
IY: isolated yield; Res. Sol.: residual solvents; ND = Non-detect.

As shown in the table, Boc deprotection using H2SOj4 acid, combined with the pKa-guided LLE
purification process, consistently yielded L.1.3-Ms with isolated yield of 95-97 %, and 92 - 97 wt%
purity (94-97 A%, 275 nm). L.L1.3-Ms was obtained as a mixture of two atropisomers, with a minor-
to-major isomer ratio of approximately 1:5 (based on A% at 275 nm), mirroring the profile
observed for its precursor, L1.3-K-Boc. All batches of L.1.3-Ms demonstrated excellent reactivity

in the subsequent amidation step (vide infra).

The CPPs for this step are summarized below:
e Use of >9M H2S04 is essential for efficient Boc deprotection

e Toluene with a small amount of EtOH is required to fully dissolve L.1.3-K-Boc prior to

acid addition
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e EtOAc extraction ensures clear phase separation and minimizes product loss during the

workup
e pH adjustment to 7-8.5" is critical to obtain the free-base form of L.1.3-Ms

o Complete removal of residual of Na* and SO4* is vital for achieving high wt% purity and

confirming full neutralization.
2.2.3 Safety assessment of the process

Similar to safety assessment for synthesis of L1.3-K-Boc (section 2.1.3), a reaction
calorimetric evaluation was undertaken to understand the hazard potential of the Boc deprotection
reaction. Specifically, the rate at which sulfuric acid was dosed into the PhMe/EtOH solution of

L1.3-K-Boc was evaluated (see appendix for experimental details).

Table 2.2.3 Heat evolution during the dosing step of the Boc deprotection.

9M, 10
Aq H2S0, ( °d)
‘SO,Me
MEK (5V) or
5:2 Toluene:EtOH (7V)
20°C,3h
L1.3-K-Boc L1.3-Ms
C, (J/g K) U (W/m?K)
Process AH; AH; AH; ATy MTSR | MRT | MHG

Step (kl) (ki/g) (k/mol) O 0 O (W) Before | After | Before | After

14 2.27 0.211 178.1 13.7 33.7 | 31.1 | 473 2.10 1.94 | 1399 | 117.0
2b 3.34 0.311 261.7 20.1 40.1 254 | 158 2.10 | 2.00 | 1459 | 103.1
3¢ 1.35 0.135 113.6 14.7 347 | 23.0 | 2.39 243 1.26 | 1263 | 56.0

“MEK (5V) was used as a solvent, aqg 9M H>SO4 was added to L1.3-K-Boc (10.7g) in 2 minutes to
the reaction mass at 23 °C; “"MEK (5V) was used as a solvent, aq 9M H2SO4 was added to L1.3-K-
Boc (10.7g) in 12 minutes to the reaction mass at 23 °C; “Toluene/EtOH (5/2, 7V) was used as
solvents, ag 9M H>SO4 was added to L1.3-K-Boc (10g) in 45 minutes to the reaction mass at 23 °C.

" At lower pH, L1.3-Boc becomes protonated, whereas at higher pH, it may be deprotonated. Both conditions can
lead to undesired side-reactions during amidation.
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The reaction calorimetric evaluation was conducted to assess the heat effects associated with Boc
deprotection of L1.3-K-Boc (10.7 g, 0.01275 moles), using varying H>SO4 addition rates: 2 min
(fast), 12-minute (intermediate) and 45-minute (slow). AH was calculated based on the molar
quantity of L1.3-K-Boc and is summarized in Table 2.2.3. Addition of 9M H2SO4 to the reaction
mass at 23 °C exhibited increasingly exothermic behavior with faster addition rates. The total AH;
was 261.7 kJ/mol for the 2-minute addition, 178.1 kJ/mol for the 12-minute addition, and 113.6
kJ/mol for the 45-minute addition. The maximum temperature of the synthesis reaction (MTSR)
and adiabatic temperature rise (ATaq) were also dependent on the addition rate. For the 2-minute,
12-minute, and 45-minute additions, the MTSR values were 40.1 °C, 33.7°C, and 34.7 °C,
respectively, with ATaq values of 20.1 °C, 13.7 °C, and 14.7 °C. Importantly, all MTSR values
remained below the boiling point of the reaction solvent, indicating that thermal runaway was
unlikely under these conditions. The measured reaction temperatures (MRT) were 31.1 °C for the
2-minute addition, 25.4 °C for the 12-minute addition, and 23.0 °C for the 45-minute addition.
Correspondingly, maximum heat generation (MHG) rates were 47.3 W, 15.8 W, and 2.39 W for
the 2-, 12-, and 45-minute additions, respectively. Based on typical reactor cooling capacity
criteria — where severity is classified as low (ATag < 50 °C and MHG < 30 W), medium (ATaq 50—
200 °C), or high (ATaq > 200 °C and MHG > 30 W) — the 2-minute addition is considered high
severity, while the 12- and 45-minute additions fall within the low severity range. In general,
controlling the H>SO4 addition rate to maintain the MRT at or below 25 °C effectively minimized

thermal hazard during scale-up.

2.2.4 Impurities identification and RT marker
For Boc deprotection (Milestone 2, step 2), impurities associated with the finalized
conditions are summarized in Figure 2.2.3. The corresponding HPLC retention times are provided

as RT marker to support in-process analysis monitoring and isolated product characterization.

O,Me Calcd Manas: 994.11 Calcd Mass: 731.14 Calcd Mass: 745.12
Found Mass: 995 (ESI+) Found Mass: 732 (ESI+) Found Mass: 746 (ESI+)
L1.3-Ms-DiFB1 L1.3-Ms-Et L1.3-Ms-Ac
Retention time: 10.8 - 11.4 min (LCMS) Retention time: 11.9 - 12.2 min (LCMS) Retention time: 12.25 - 12.31 min (LCMS)
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Figure 2.2.3 Identified major impurities and RT marker in Milestone 2 (Boc deprotection).’

2.3  T3P-promoted amidation and process development (Milestone 2)

The  synthesis of sodium  (4-chloro-7-(2-((S)-1-(2-((3bS,4aR)-5,5-difluoro-3-
(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa| 3,4]cyclopenta[ 1,2-c]pyrazol-1-
yl)acetamido)-2-(3,5-difluorophenyl)ethyl)-6-(3-methyl-3-(methylsulfonyl)but-1-yn-1-
yl)pyridin-3-yl)-1-(2,2,2-trifluoroethyl)-1H-indazol-3-yl)(methylsulfonyl)amide (Len-API) was
accomplished via a T3P-promoted amide coupling between L1.3-Ms and Frag C, using N-
methylmorpholine (NMM) as the base (Scheme 2.3.1). Following recrystallization from
EtOH/heptane, Len-API was obtained with ~ 99 A% (235 nm), with the major impurity L.1.3-Ms-
Ac present at 0.4 — 0.6 A%."' The Pd content of the final API was measured to be below 10 ppm.

Exact Mass: 989.13

F Exact Mass: 282.04

=N

F
*“Frag C (1.025 eq)

SO,Me  T,P (1.3eq), NMM (3eq)
CH4CN (5 V), -10 °C, 22h

O,Me

Exact Mass: 703.11
L1.3-Ms

Scheme 2.3.1 T3P-promoted amide coupling for synthesis of Len-API.

Several critical process parameters (CPPs) were identified for the amidation step as shown below:
* The use of the free-base (neutral) form of L.1.3-Ms was essential for successful coupling.
* NMM, a weak base, was critical for the desired amidation.

* Stepwise (semi-batch) addition of T3P was crucial for complete conversion of L.1.3-Ms.

An initial portion of T3P (1.0 eq) was added at low temperature to control reactivity and

S Impurity L.1.3-Ms-Ac was synthesized and structurally confirmed by "THNMR, *CNMR, "FNMR, and LC-MS (See
the appendix for detailed synthetic procedures). L1.3-Ms-DiFB1 and L1.3-Ms-Et was detected by LCMS. Their
structures were tentatively proposed based on LCMS data. Please refer to GFN-002-ELN-ADR for the detailed
analytical methods.

' 1.1.3-Ms-Ac was generated during the EtOAc workup in Boc deprotection step and subsequently carried through
into the final API. See footnote s for details on issue resolution.
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suppress side reactions. Subsequent stirring at 60 °C, followed by incremental additions of

0.1-0.3 equivalents of T3P, ensured full consumption of L.1.3-Ms.

* Full conversion of L1.3-Ms (> 99.8%) was critical for achieving high purity of Len-API

after recrystallization.

* Recrystallization from EtOH/heptane was effective in purifying the product, and
performing the recrystallization twice consistently yielded Len-API with high purity.

2.3.1 Condition screening and optimization

Amidation of L1.3-Ms with Frag C?** represents the final step in the synthesis of the
target API, making it critical to establish reaction conditions that yield a clean purity profile and
controllable impurity levels. Our initial approach to Len-API synthesis employed T3P-based
amide coupling conditions pioneered by Gilead Sciences Inc.?’ Amidation of L1.3-Ms with Frag
C was carried out at 20°C using T3P (1.5 eq) as the coupling reagent and TEA (1.5 eq) as the base
(Table 2.3.1, entry 1). The desired Len-API was obtained in 85.9 A% (235 nm), accompanied by
1.3 A% (235 nm) of an over-amidation side-product Len API-DiC, and 2.3 A% (235 nm) of
residual L.1.3-Ms. No mono-amidation product on the methylsulfonamide (-NHMs) group was
detected. Increasing TEA to 3 equivalents, in a bid to reduce residual L.1.3-Ms, led to substantial
quantities of Len-API-DiC, even at 0 °C (Table 2.3.1, entry 2). Although subsequent base
treatment successfully decomposed Len-API-DiC and removed Frag C after liquid-liquid
extraction (LLE) workup, L.1.3-Ms persistent. Given the pKa of ~10 for the -NHMs group in L1.3-
Ms, the authors hypothesized that TEA (pKa = 10.8) could potentially deprotonate -NHMs and
thereby promote the undesired amidation to Len-API-DiC. To achieve complete conversion of
L1.3-Ms while suppressing side reactions at the -NHM:s site, our efforts focused on systematic
base screening and reaction condition optimization (Table 2.3.1). Side-reactions at the -NHMs
moiety increased with temperature. At 50 °C, TEA (1.5 eq) generated 12.9 A% (235 nm) of Len-
API-DiC (Table 2.3.1, entry 3). DIPEA (3.0 eq), a similar pKa to TEA, resulted in 15.4 A% (235
nm) Len-API-DiC (Table 2.3.1, entry 4). NMM (pKa = 7.4) emerged as the most reliable base.
At -10 °C, 3.0 equivalents of NMM delivered Len-API in 88 A%, with only 1.9 A% (235 nm)
Len-API-DiC (Table 2.3.1, entry 5). However, at 20 °C under similar conditions, Len-API-DiC
increased to 12.1 A% (235 nm) (Table 2.3.1, entry 6). Using pyridine (pKa = 5.2) as the base,
amidation proceeded slowly, yielding Len-API in 59 A% (235 nm), with significant residual L1.3-
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Ms and 8.4 A% (235 nm) Len-API-DiC (Table 2.3.1, entry 7). These findings underscore the

importance of using NMM at low temperature to suppress Len-API-DiC formation.

Further optimization focused on varying the equivalents of NMM and T3P (Table 2.3.1,
entries 8-11). The optimal conditions — 2.2 equivalents of NMM and 1.25 equivalents of T3P at -
10 °C — enabled reproducible high conversion of L.1.3-Ms with acceptable levels of Len-API-
DiC. Under these conditions, Len-API was obtained in 86.7 A% (235 nm), with 1.2 A% (235 nm)
residual L1.3-Ms, 2.5 A% (235 nm) Len-API-DiC and 0.3 A% (235 nm) Len-API-DiC (Table
2.3.1, entry 11). Prolonging the reaction time did not improve conversion; the product profile after
5 min was identical to that observed after 1h (Table 2.3.1, entry 12), indicating that the amidation

proceeds rapidly under optimized conditions.

Table 2.3.1 Base screening and reaction condition optimization for synthesis of Len-API-H.

7 N OH s A
=N
FsC Frag C (1-1.05 eq)
Exact Mass: 282.0428

Base (x eq), T3P (y eq)
CH3CN (5V)

temp, 3-5h

0=8=0  Exact Mass: 1231.1757
L13-Ms (0.5g, 1.0 eq) Len-API-H ! Len-API-DIC
Exact Mass: 703.1113 Exact Mass: 967.1435 ~ g
» N Base T3p TSmp In-process A% (235 nm)”
(eq) €@ | O 11,1.3-Ms [Frag-C|Len-API‘| Len-API-DiC
1 RVE196-X12 TEA (1.5) 1.5 20 2.3 - 85.9 1.3
2 | AHSI186-X37-3 TEA (3.0) 1.5 0 0.3 - 71.6 22.2
3 | AHS186-X36-3 TEA (1.5) 1.5 50 0.7 3.2 74.7 12.9
4 | AHS186-X37-1 DIPEA (3.0) 1.5 -10 0.4 0.7 78.2 154
5| AHS186-X37-2 NMM (3.0) 1.5 -10 2.2 2.0 88.0 1.9
6 | AHS186-X37-5 NMM (3.0) 1.5 20 3.6 1.7 66.7 12.1
7 | AHS186-X37-4 Py (3.0) 1.5 0 14.2 3.7 59.0 8.4
8 | AHS186-X37-8 NMM (1.0) 1.0 -10 25.5 5.2 65.6 0.45
9 | AHS186-X37-10 NMM (2.0) 1.25 -10 5.8 2.1 85.1 1.1
10| AHS186-X37-11 NMM (2.0) 1.25 -10 5.4 3.6 82.9 1.1
11| RVE196-X19-1 NMM (2.2) 1.25 -10 1.2 2.0 86.7 2.5
12/ RVE196-X19-2 NMM (2.2) 1.25 -10 1.2 2.0 86.7 2.6

“All reactions were performed with L1.3-Ms (0.5 g, 1 eq), Frag C (1.05 eq), T3P (50 wt% in
DMF), base under conditions shown in the table; °A% measured at 275 nm by HPLC, several other
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small unknown impurities along with 0.2-0.3 A% L1.3-Ms-Ac (see Scheme 2.3.2 for structure) in
all reactions; “Two atropisomers (minor/major (A%) ~ 1/6) were observed; Smin reaction time.

Despite achieving an acceptable level of Len-API-DiC, the presence of 1-2 A% (235 nm)
L1.3-Ms became a challenge for Len-API purification. Following LLE workup and
recrystallization, L.1.3-Ms could only be diminished to 0.2-0.5 A% (235 nm). Therefore, reducing
L1.3-Ms during amidation proved critical to achieving levels below 0.1 A% (235 nm) in the final
API. Further optimization of the reaction conditions revealed that stepwise addition of T3P was
essential to suppress L.1.3-Ms below 0.1 A% (235 nm). Specifically, an initial charge of T3P (1.0
eq) was added to a mixture of L1.3-Ms (1.0 eq), Frag C (1.02 eq), and NMM (3.0 eq) at -10 °C,
followed by heating to 60 °C for 4-5h. In-process analysis (HPLC) of the reaction mixture showed
approximately 2-3 A% (235 nm) of L.1.3-Ms remained. A second portion of T3P (0.3 eq) was then
introduced at 60 °C, which enabled complete conversion of L.1.3-Ms after 18h.” However, under
these conditions, the L.1.3-Ms-Ac " emerged as the predominant impurity (~0.9 A%, 235 nm)
(Scheme 2.3.2). Its level was reduced to below 0.5 A% (235 nm) after two recrystallizations from
EtOH/heptane (vide infra). Additional optimization is required to fully purge the impurity to below
0.1 A% (235 nm).

“If trace amounts of L.1.3-Ms persisted, a third portion of T3P (0.2 eq) was added at 60 °C to drive the reaction to
completion. The reaction time has not been optimized, though we anticipate that shorter reaction times may be
feasible.

v It was found that L1.3-Ms-Ac was formed during the EtOAc workup in Boc deprotection step and subsequently
carried over into the API. Due to time constraints, further optimization, such as switching EtOAc to other solvents
for workup during Boc-deprotection step or refining second recrystallization conditions for API purification, was

initiated but not fully pursued to enhance API purity at this stage (vide infra).
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Exact Mass: 967.14

F' Exact Mass: 282.04

] OH
=N

F
H *“Frag C (1,025 eq)
SO,Me TP (1.0eq), NMM (3eq)
CH3CN (5 V), -10 °C to 60 °C, 5h
then T5P (0.3 eq),60 °C, 18h

£,

Exact Mass: 703.11
L1.3-Ms

O,Me

In-process HPLC (235 nm)

L1.3-Ms <0.1A%
Len-API-DIC <2A%
L1.3-Ms-Ac ~1A%
Len-API-H >96A%
0= = Calod Mass: 1231.18 0= . Caled Mass: 745.12
Len-API-DIC L1.3-Ms-Ac
- J

Scheme 2.3.2 Controlled stepwise T3P addition enables full conversion of L.1.3-Ms in Len-API

synthesis.
2.3.2  Practical workup and purification Len-API

Full conversion of L1.3-Ms was successfully achieved under optimized amidation
conditions. The formation of the sodium salt is a critical step in the API synthesis, as it not only
supports downstream processing but also enables high-yield recrystallization. During solvent
screening for sodium salt formation, CH3CN, EtOH, and 2-MeTHF provided satisfactory,
delivered expected levels of Na'. Treatment of Len-API-H with 6 equivalents of NaOH (1M) in
each one of these solvents provided a sodium content of 2 wt% (vs theoretical 2.3 wt%) (Table
2.3.2). However, a single water wash (performed in MIBK) lowered the Na content to 1.4-1.5

wt%.

Table 2.3.2 Base screening and reaction condition optimization for synthesis of Len-API-H.

NaOH (1M), solvent

45°C, 3 h

Exact Mass: 967.14 Exact Mass: 982.15
. : .
Len-API-H (85 wi%) Len-API
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Output Len-API (Na salt)”
# ELN Solvent
freebase assay (wWt%) Na assay (wt%)

1 RVE196-X38-5 THF 87 1.8

2 RVE196-X38-2 2-MeTHF 86 2.1

3 RVE196-X38-3 EtOH 87 2.0

4 RVE196-X38-1 CH3;CN 84 2.1

5 RVE196-X38-4 Acetone 84 1.7

“All reactions were performed using Len-API-H (0.5 g, 1 eq, 85 wt%) and NaOH (1M, 5 eq) at
45 °C for 3h, with the solvents shown in the table; “Na content was measured by LC-ELSD, and
wt% of the material was measured by HPLC (235nm), theoretical Na content of pure API is 2.3
wt%, for a wt% assay of 85%, the expected Na content is approximately 2%.

To streamline the process, the basification step was applied to the crude reaction mixture.”
After amidation, the mixture was treated with 1M aqueous NaOH (10 eq) at 45 °C for 2h,* followed
by partitioning into MIBK. Without a water wash, the MIBK layer was concentrated and
precipitated with heptane to yield the crude API with a sodium content of 2 wt% (measured by
LC-ELSD), consistent with theoretical expectations based on the crude API composition (85 wt%).
The crude product showed 94-97 A% (235 nm), containing 0.5-1 A% (235 nm) L1.3-Ms-Ac and

~1 A% (235 nm) of other minor impurities (Table 2.3.3).

Table 2.3.3 Synthesis of Len-API-H and its transformation to Len-API sodium salt.

F' Exact Mass: 282.04

N OH
=N

F
H 3“Frag C (1.025eq) NaOH (1M)

N
“SO,Me  T4P (1.0 eq), NMM (3 eq) 45°C, 3h
CH3CN (5 V), -10 °C to 60 °C, 5h
then T4P (0.3 eq),60 °C, 18h

Exact Mass: 967.14
F. F

O,Me

Exact Mass: 703.11

L1.3-Ms 0=5=0 Exact Mass: 18.01
O:Me | en-API ! L1.3-Ms-Ac
Input L1.3-Ms Output crude Len-API” ¢
# ELN L1.3-Ms- | L1.3-Ms

0 o 0 o 0 ]
Mass (g)] Wt% | A% [IY%|Mass (g)| A% | Wt% |Na wt% Ac(A%) | (A%)

1 | JMS176-X37 10 98 96 | 81 13.4 [97.3] 837 1.8 0.5 0.13
2 | AHS186-X73 11 92 98 | 85 15 1940 81 2.0 0.5 <0.2
3 [RVE196-X40| 35 94 97 | 92 53 193.7] 81 2.0 1.0 0.3

“All amidations were carried out with L1.3-Ms (1.0 eq) and Frag C (1.025 eq) under conditions
shown in the scheme and table, the batch process of entry 3 was documented, see Appendix for

¥The reaction solvent CH3CN effectively facilitates the telescoped NaOH treatment.

*To quench T3P and eliminate residual Frag C and Len-API-DiC, 10 equivalents of NaOH (1M) were employed.
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experimental details; “Na content was measured by LC-ELSD, and wt% of the free base material
was measured by HPLC unless otherwise stated, A% measured at 235 nm by HPLC, corrected
isolated yield (IY); “Two atropisomers (minor/major (A%) ~ 1/6) were observed. “Wt% of the free
base was measured by qNMR.

The crude API was further purified via recrystallization. As detailed in Table 2.3.4, the binary
solvent system of EtOH (10V) / heptane (20 V) delivered the best results. The system increased
API purity to 99.0 A% (235 nm), effectively reducing impurities such as L1.3-Ms (< 0.1 A%, 235
nm) and L.1.3-Ms-Ac (0.6 A%, 235 nm). A second recrystallization using the same solvent system
further improved purity to 99.2 A% (235 nm), with L.1.3-Ms-Ac as the sole major impurity (~0.5
A%, 235 nm). Other solvent systems, including iPrOH, toluene/heptane, EtOH, MTBE, and 2-
MeTHF, were ineffective in removing the L.1.3-Ms-Ac impurity. The two atropisomers of Len-
API was observed, with a minor-to-major isomer ratio of approximately 1:6 based on A% (275
nm). The proportion of the major isomer was slightly higher than that observed in its precursor
L1.3-Ms (1:5). A second lot of API was recovered from the mother liquor with an approximate
yield of 20%. The mother liquor was concentrated, treated with NaOH, and purified via two
recrystallizations following the standard protocol, affording API with ~99 A% (235 nm). The
overall yield of the amidation reached up to 80%. The process was verified at a 10-35g scale,
consistently delivering similar yield and purity. Results are summarized in the Table 2.3.4 and the
full characterization data was summarized in Table 2.3.5. Further efforts, such as refining second

recrystallization conditions, will be needed to enhance API purity.¥

Table 2.3.4 Recrystallization of crude Len-API sodium salt.

O,Me ,Me
Len-API I L1.3-Ms-Frag C Len-API
Exact Mass: 967.14 Exact Mass: 745.12 Exact Mass: 967.14
‘ # | Recrystallization | Mass (g) ‘ IY %" | Wt%* | A% (HPLC, 235 nm)**

Y It was believed that L.1.3-Ms-Ac was formed during the EtOAc workup in Boc deprotection step and subsequently
carried over into the API. Replacing EtOAc with 2-MeTHF suppressed the formation of L1.3-Ms-Ac during Boc
deprotection, resulting in an amidation step free of this impurity. Following the standard purification protocol, the
API achieved > 99.7A%. Alternatively, a new recrystallization solvent system (MIBK/toluene (5V/5V)) reduced
L1.3-Ms-Ac levels to < 0.2 A%. However, the scalability of both approaches remains unverified due to time
constraints.
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ELN Len-API
Input crude 13.4 - 83°¢ 97.3
1 IMS176-X37
Output for 2" RC 8.5 60 > 98 98.9
Input crude 15 - 81 94.0
2 | AHSI186-X73 | Output for I* RC 10.6 - - 98.0
Output for 2" RC 10 70 >99.9 98.9
Input crude 53 - 81 93.7
3 | RVE196-X40
Output for 2" RC 37.5 78 >99.9 98.8

“Batch process of entry 3 was documented, see Appendix for experimental details (recovered
material from mother liquor is not included in the table); Corrected isolated yield (IY) after
recrystallization; “Wt% was measured by HPLC; ‘A% measured at 235 nm by HPLC; “Wt% of the
free base was measured by qNMR; “Two atropisomers (minor/major (A%) ~ 1/6) were observed.

Table 2.3.5 Characterization data of purified Len-API sodium salt.

A% (HPLC, 235 nm)
4 ELN | Wt% (P ‘rln) Vlv\i; VVVV?(E/“ S(‘V’itvoﬁl;t Len- | L13- | L1.3- Uﬁg";;“
pp ° ° ° API’ | Ms | Ms-Ac | &'~
min
1 |IMS176-X37| >98 | <3.7| 1.8 | 0.8 | Heptane:0.1 | 98.9 | 02 | 04 0.3
2 |AHSI86-X73|>99.9 | <42 | 1.96 | 0.25 |Ethanol: <014 g0 6} 1 1 o6 0.3
Heptane: 0.06
3 [RVE196-X40|>99.9 | <42 | 1.88 | 03 | Fthanol:0.3 ool 55 | 06 0.4
Heptane: 0.06

“All final API recrystallized twice from EtOH/heptane, Na content was measured by LC-ELSD,
and wt% of the free base was measured by HPLC, A% measured at 235 nm by HPLC, Pd content
measured by ICP-OES; *Two atropisomers (minor/major (A%) ~ 1/6) were observed.

2.3.3 Safety assessment of the process

As with the preceding steps, a reaction calorimetric evaluation was conducted to assess the
hazard potential associated with the amidation process. The dosing profiles of N-
methylmorpholine (NMM) and propanephosphonic acid anhydride (T3P) were examined (see
Appendix for experimental details). The amidation reaction was performed in a 100 mL glass
reactor using 10.0g (0.0142 mol) of L.1.3-Ms as the substrate. Heat effects were quantified based
on this amount, and the corresponding AH values are summarized in Table 2.3.5. Addition of T3P

at -10 °C was found to be highly exothermic, whereas the addition of NMM at -10 °C and T3P at
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60 °C exhibited only mild exothermicity. The total AH; were calculated as 0.528 kJ/mol, 192.3
kJ/mol, and 24.2 kJ/mol for dosing of NMM, T3P at -10 °C, and T3P at 60 °C, respectively.
Maximum temperature of the synthesis reaction (MTSR) values were recorded as -9.99 °C (ATag
= 3.01 °C), 4.6 °C (ATaa = 17.6 °C), and 61.0 °C (ATaqg = 0.99 °C) for the respective dosing
conditions. AIl MTSR values remained below the boiling point of the reaction solvent, acetonitrile
(82.0 °C), indicating manageable thermal behavior. Corresponding maximum reactor temperature
(MRT) were -10.0 °C, 1.15 °C, and 61.0 °C, while the maximum heat generation (MHG) rates
were 4.01 W, 36.0 W, and 8.04 W for NMM, T3P at-10 °C, and T3P at 60 °C dosing, respectively.
Based on standard reactor cooling capacity criteria — where severity is Low (ATag <50 °C and
MHG <30 W), Medium (ATa¢ 50-200 °C), and High (AT >200 °C and MHG >30 W) — the

thermal severity for all dosing conditions is considered low.

Table 2.3.5 Heat evolution during the dosing steps of the L.1.3-Ms amidation.

F
F

OH
7N F e
=N

FsC  Frag C (1.025 eq)

SOMe  NMM (3.0 eq), T4P (1.30 eq) —N Na
ACN (5V) . ‘. \«°
110°C 10 60°C, 22 h & N\
d/
Len API-Na

Process | AH: AH, AH, AT, | MTSR | MRT | MHG | G (/2K) U (W/m’K)
Step (kJ) (kl/g) (kJ/mol) (°C) °C) 0 (W) Before | After | Before | After
14 0.075 0.0075 0.528 3.01 999 | -10.0 | 4.01 1.66 2.00 13.6 205.9
20 2.73 0.0273 192.3 17.6 4.6 1.15 36.0 2.00 2.70 | 2059 | 192.1
3¢ 0.343 0.0343 24.2 0.99 61.0 61.0 8.04 2.70 2.13 152.6 | 145.5

“Addition of NMM to the reaction mass at -10 °C; ®Addition of T3P to the reaction mass at -10 °C;
“Addition of T3P to the reaction mass at 60 °C.

In conclusion, based on the safety data, each step in the synthesis of Len-API — including
Heck coupling, Suzuki coupling, Boc deprotection, and T3P-mediated amidation — is considered
as non-critical and therefore safe. However, for plant-scale operations, it is strongly recommended
that reagents, particularly 9M H>SO4 during Boc deprotection and T3P during amidation, be dosed

slowly to avoid sudden spikes in heat generation. In the event of a cooling failure or agitation issue,
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reagent addition must be halted immediately and should not resume until the system is fully
restored. Such disruptions may elevate the batch temperature toward its MTSR, posing a potential
safety risk. Consequently, extra care and a very keen observation are required throughout the
reaction period. The cooling system must be capable of managing the thermal load during each
phase of the process. Active cooling and a high-efficiency condenser are critical for safely

executing these steps.
2.3.4 Impurities identification and RT marker

For amidation (Milestone 2, step 3), impurities associated with the finalized conditions are
summarized in Figure 2.3.3. The corresponding HPLC retention times are provided as RT marker

to support in-process analysis monitoring and isolated product characterization.

| Calcd Mass: 1231.18 =1° Calod Mass: 745,12 17 Galod Mass: 731.14
Len-API-DiC Found Mass: 746 (ESI+) Found Mass: 732 (ESI+)
RT: 17.1 min (HPLC) L1.3-Ms-Ac L1.3-Ms-Et
RT: 6.3 min (LC-MS) RT: 6.2 min (LC-MS)

Figure 2.3.1 Identified major impurities and RT marker in Milestone 2 (Amidation).”

2.4 Conclusions

We successfully developed a novel, streamlined, and efficient synthetic process for
production of lenacapavir API, incorporating minor variations in key intermediates to enhance
accessibility for generic pharmaceutical manufacturers. A sequential Heck-Suzuki coupling
strategy was employed for the first-time synthesis of the key intermediate L.1.3-K-Boc. A cost-
effective and process-friendly Boc deprotection method was established, followed by a final-step

amidation with Frag C to complete the synthesis of lenacapavir API.

“Major impurities Len-API-DiC and L.1.3-Ms-Ac were synthesized and structurally confirmed by 'HNMR, 3CNMR,
FNMR, and LC-MS (See the appendix for detailed synthetic procedures). Impurity L1.3-Ms-Et, (< 0.1 A%, 235
nm) was detected by LCMS, and its structure was tentatively proposed based on LCMS data. Please refer to GFN-
002-LEN-ADR for the detailed analytical methods.
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An early-stage Pd removal step ensured that the final API contained less than 10 ppm of
residual Pd. This overall process delivers lenacapavir API in 50-55% overall yield with a purity
up to > 99.9 wt% and ~ 99 A% (235 nm) after two recrystallizations. Comprehensive process

documentation supports seamless adoption by generic manufacturers.

Technoeconomic (TE) cost analysis indicates that, compared to Gilead’s route, M4ALL’s
new process achieves a 20-30% reduction in raw material cost (RMC). We hope these results will
empower generic pharmaceutical companies to produce lenacapavir more efficiently and

affordably, ultimately expanding access to patients in low- and middle-income countries.

3 Appendix
3.1 Process documentation (PDFs embedded)

A batch sheet record is a comprehensive document that captures the full manufacturing history of
a specific pharmaceutical product batch.>* It documents raw materials, equipment used, personnel
involved, processing steps, and quality control checks. This record ensures traceability,
accountability, and compliance with industry regulations, like Good Manufacturing Practices
(GMP). Batch records play a critical role in verifying that products are made correctly, supporting
quality assurance efforts, facilitating audits and investigations, and demonstrating adherence to
stringent safety and quality standards. Although our primary focus was on R&D process
development, we documented the optimized procedure in accordance with batch sheet record

standards. The complete documentation of each step in API synthesis is attached below.

Step 1 Coupling Fragments A, D and B-DiMs

MW: 557.45 MW: 531.75
MW: 146.20 — — ol
SO,Me
O<p N
4\/116: 1o [ “sOMe
Frag p 0 eq) . g Frag B-DiMs
Boczo (1.1eq) i) Fs (1.2eq)
N~ Pd(?ﬁm%% PdCl,
(3/6 mol%)
TEA (5.0 eq) 2-MeTHF (2V)
2-MeTHF (8V) H,0 (2V)
Frag A 68°C, 2-3h 68°C, 3h
M 392.04 - L1.2-Boc if) 3M KOH (5V), 68 °C, 1h L1.3-K-Boc

MW: 842.34
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Step 1-process
documentation

Step 2 Boc deprotection

H,SO, (9M, 10 eq)
toluene (4.5V)/
EtOH (0.5V)
25°C, 3h
Exact Mass: 841.12 OMe Exact Mass: 703.11
L1.3-K-Boc L1.3-Ms

A

POF

Step 2-Process
Documentation

Step 3 Amidation

F
F Exact Mass: 282.04

2N OH
D ¢
P frag (1.025 eq)
TP (1.0eq), NMM (3eq)
CH4CN (5 V), -10 °C to 60 °C, 5h
then T4P (0.3 €q),60 °C, 18h

Exact Mass: 967.14

O,Me

Exact Mass: 703.11
L1.3-Ms OMe  Len-API

A

POF

Step 3-Process

Documentation
3.2 Experimental details
General Methods

Reagents and solvents were obtained from commercial suppliers and used as received

unless otherwise indicated. Where applicable, reactions were conducted in oven-dried (120 °C)
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glassware, which was assembled while hot, and cooled to ambient temperature under an inert
atmosphere. Reactors were pre-rinsed with reaction solvent and subjected to evacuation/back-fill
cycles (3x) as necessary. All reactions were conducted under an inert atmosphere (Nitrogen) unless
otherwise noted. Reactions were monitored by TLC (precoated silica gel 60 F254 plates, EMD
Chemicals), Agilent HPLC, GCMS, or Agilent GC-FID using various methods. GC-FID was used
for analysis of heptane and toluene levels. The sample was prepared in an acetonitrile/methanol
mixed diluent, in duplicate. Quantitation was performed using a calibration curve. Ethyl acetate
was used as an internal standard and QC standards were analyzed throughout the sequence. The
samples for Pd analysis were prepared in 10% HCI and analyzed by ICP-OES. A calibration curve
for analysis was prepared with QC standards analyzed throughout the sequence. Weight Assay
was measured by LC-DAD. Salt Content was measured by LC-ELSD. Water content was
measured by KF titration. A% was measured by HPLC at 275 nm or 235 nm. Melting point was
measured with a Stuart SMP10 melting point apparatus. TLC was visualized with UV light or by
treatment with phosphomolybdic acid (PMA), ninhydrin, and/or KMnO4. 'H NMR and '3C NMR
spectra were routinely recorded on Bruker Avance III HD Ascend 600 MHz spectrometer. All
chemical shifts are reported in parts per million (ppm) relative to residual DMSO (2.50 ppm for
'H, 39.52 ppm for '3C) or CHCl; (7.26 ppm for 'H, 77.16 ppm for *C). Coupling constants J are
reported in hertz (Hz). The following abbreviations were used to designate signal multiplicity: s,
singlet; d, doublet; t, triplet; q, quartet, p, pentet; dd, doublet of doublets; ddd, doublet of doublet
of doublets; dt, double of triplets; ddt, doublet of doublet of triplets; m, multiplet; br, broad.
Advanced intermediates Frag A, Frag B, and Frag C-EE were prepared according to Y1 Len
PDRs. 224

Synthesis of key intermediates

Synthesis of N-(4-chloro-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-(2,2,2-trifluoroethyl)-1H-
indazol-3-yl)-V-(methylsulfonyl)methanesulfonamide (Frag B-DiMs)

cl cl
MsCI (2.5 eq) SO,Me
2
O\B/%,NHZ TEA (3.2 eq) O\B/E;%/N
>§ré N- 2-MeTHF (10V) >§ré N— SO,Me

% <10°C - 20°C, 2h %
F, FragB 94.1% yield F, Frag B-DiMs
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A 5L ChemRxnHub reactor was degassed with N> and charged with Frag B> (222.00 g, 561.53
mmol, 95.0 wt%), 2-MeTHF (2.2 L, 10V), and triethylamine (250.0 mL, 1.80 mol, 3.2 eq) at 25
°C. The mixture was stirred, and the temperature control unit (TCU) was set to -3.0 °C. Once the
internal temperature reached NMT 1.0 °C, methanesulfonyl chloride (109.0 mL, 1.40 mol, 2.5 eq)
was added slowly over 20 minutes, maintaining the internal temperature at NMT 10.0 °C. The
mixture was heated to 20 °C and stirred at the same temperature for 2 h. After the reaction was
complete (monitored by TLC and 'H NMR), the resulting suspension was filtered and the filter
cake was washed with heptane (890 mL, 4V). The solid was then transferred to the reactor, stirred
in 2-MeTHF (890 mL, 4V) for 30 min, and filtered. The filter cake was washed with 2-MeTHF
(230 mL, 1V). The filtrate was concentrated to 2-3V, precipitated by addition of heptane (5V). The
suspension was stirred for 30 min and then filtered. The resulting solid was transferred to the
reactor, stirred in deionized H,O (5V) for 30 min, and filtered. The filter cake was washed with
heptane (1V) and dried in vacuo at 60 °C until constant weight to yield Frag B-DiMs (281.00 g,
100 wt% by qNMR) as a white solid (94.1% corrected yield).

'H NMR (600 MHz, DMSO-ds) 5 7.95 (d, J = 7.6 Hz, 1H), 7.50 (d, J = 7.6 Hz, 1H), 5.94 (q, J =
8.7 Hz, 2H), 3.66 (s, 6H), 1.37 (s, 12H).

13C NMR (151 MHz, DMSO-dy) § 170.9, 143.6, 135.0, 125.9 (q, J = 281 Hz), 118.5, 110.7, 60.3,
49.9 (q, J= 35 Hz), 43.0, 21.2, 14.5.

F NMR (565 MHz, DMSO-ds) § -69.70 (t, J = 8.8 Hz, 3F).
A% (275 nm): 97.7 %

HPLC wt% purity (275 nm): 100.3 %

KF water content analysis: 0.023 %

LC-MS (m/z) (M+H): 532

IR (ATR) vmax: 3045, 3017, 2988, 2935, 1573, 1416, 1398, 1368, 1351, 1331, 1314, 1264, 1245,
1206, 1161, 1105, 1090, 988, 967, 939, 887, 857, 833, 813, 773, 757, 703, 691

HRMS (ESI) m/z: calcd for C17H22BCIF3N306S2'Na'= [M+Na]" 554.0576, found 554.0588

Melting point: 220-222 °C.
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Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-
cyclopropa[3,4]cyclopenta[1,2-c]pyrazol-1-yl)acetic acid (Frag C)

o 0
FF ﬁoa aq KOH (31% Wt, 1.3eq)  F_ T ﬁO,H
| N EtOH (0.6V), H,0 (4V) | N
50°C, 20h

Fs 86.7% yield Fs
Frag C-EE Frag C

To a three-neck 1000 mL round-bottom flask was added Frag C-EE** (56.00 g, 172.4 mmol, 1.0
eq, 95.5 wt%, 100%ee), EtOH (33.6 mL, 0.6V) and 224 mL of H,O (4V). Then, an aqueous
solution of KOH (31.4 mL, 31 wt%, 224.1 mmol, 1.3 eq) was added, and the mixture was stirred
at 50 °C for overnight. After reaction was complete, the mixture was added dropwise to a pre-
cooled aqueous HCI solution (1.7M, 263.7 mL, 448.2 mmol, 2.6 eq) at 0 °C. The resulting
suspension was filtered, and the filter cake was washed with H>O (250 mL, 4.5V) and dried under
vacuum to yield Frag C (44.00 g, 95.8 wt% by gqNMR, 100% ee) as a white solid (86.7% corrected
yield).

'H NMR (600 MHz, DMSO-ds) 5 13.52 (brs, 1H), 5.02 (dd, J= 18.0, 44.0 Hz, 2H), 2.70 — 2.60
(m, 2H), 1.44 — 1.48 (m, 1H), 1.05 — 1.03 (m, 1H).

13C NMR (151 MHz, DMSO-ds) & 167.8, 142.7 (t, J = 29.0 Hz), 134.0 (q, J = 39.0 Hz), 132.4
(m), 120.7 (q, J = 268.3 Hz), 120.2 (t, J = 243.4 Hz), 52.2, 27.6 (dd, J = 29.0, 5.7 Hz), 23.4, 11.7.

F NMR (565 MHz, DMSO-ds) 8 -60.3 (s, 3F), -79.8 (d, J=253.0 Hz, 1F), -102.8 (d, J=253.0
Hz, 1F).

A% (235 nm): 99.0 %

HPLC wt% purity (235 nm): 100.2 %
KF water content analysis: 0.009 %
LC-MS (m/z) (M+H): 283

IR (ATR) vmax: 3075, 3014, 2965, 1767, 1735, 1538, 1443, 1411, 1390, 1344, 1321, 1273, 1241,
1182, 1129, 1109, 1047, 1016, 952, 926, 839, 805, 759, 714, 669

HRMS (ESI) m/z: caled for C10H7FsN>O2-H'= [M+H]"283.0506, found 283.0504

Melting point: 149-151 °C.
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Synthesis of 3-methyl-3-(methylsulfonyl)but-1-yne (Frag D)'¢

o)
8
Me~~~ONa
TMEDA Mo
Me _— e =z
Megé// _ Cu(GAcp Mei/
| iPrOAc (7V) O,Me
30°C, 16h Fraa D
45% yield rag

To a 500 mL round-bottom flask was added sodium methanesulfinate (36.29 g, 341.26 mmol, 1.4
eq, 96 wt%), copper (II) acetate (2.26 g, 12.19 mmol, 0.05 eq, 98 wt%), TMEDA (3.67 mL, 24.38
mmol, 0.1 eq, 99.5 wt%), and isopropyl acetate (175 mL, 7V). The suspension was agitated at <25
°C, and 3-chloro-3-methylbut-1-yne (25.00 g, 27.4 mL, 243.76 mmol) was added dropwise to
maintain a temperature < 25 °C. The reaction mixture was then heated at 30 °C for 16 h, cooled to
RT, diluted with isopropyl acetate (125 mL, 5V), and washed twice with deionized H>O (125 mL,
5V each). The combined aqueous layers were extracted thrice with isopropyl acetate (125 mL, 5V
each). The combined organic layers were washed with water (125 mL, 5V), brine (125 mL, 5V),
and concentrated in vacuo to give a solid. The solid was then dried under a high vacuum at RT to

yield Frag D (17.00 g, 94.05 wt% purity by GCMS) as a white solid (45% corrected yield).

All Frag D batches and commercial batches of Fragment D (Ambeed) were combined and purified

through recrystallization to afford a singular batch to use in API process development.

Procedure: Frag D (165 g, 88 wt% by qNMR) was suspended in MTBE (1.65 L, 10V). The
mixture was heated to 55 °C until dissolved, stirred for 20 minutes, and filtered (hot-filtration) to
remove a brown sticky solid. The solution was cooled to 0 °C and stirred for an additional 2 h. The
resultant solid was filtered and washed with cold MTBE. The solid was dried overnight in a high
vacuum to yield purified Frag D (130 g, 97.3 wt% by GCMS) as a white solid.

"H NMR (600 MHz, DMSO-ds) & 3.70 (s, 1H), 3.10 (s, 3H), 1.54 (s, 6H)
3C NMR (151 MHz, DMSO-ds) 6 82.1, 77.4, 56.5, 34.5, 22.3.

GCMS TIC A%: 99.2%

GCMS wt% purity: 97.3 wt%

GC-FID solvent analysis: MTBE 0.67 wt%
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IR (ATR) vmax: 3263, 3034, 3017, 2991, 2937, 1452, 1415, 1316, 1293, 1217, 1165, 1113, 964,
945, 800, 757, 719, 669

Melting point: 123-125 °C.

Synthesis of tert-butyl (1-(3,6-dibromopyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate (rac-
L1.1-Boc):

F. F F. F
H
Boc,O (1.5 eq), TEA (1.5 eq) N
HoN Boc”
Br DCM (10V), 0°C to 25°C, 17h NZ Br
N~ | 60% yield |
Br- X Bro X
rac-Frag A rac-L1.1-Boc

To a 250 mL round-bottom flask was charged Frag A (10.0 g, 25.51 mmol) and DCM (100 mL,
10V). The reaction mixture was cooled to 0 °C, TEA (5.33 mL, 38.3 mmol, 1.5 eq) and di-tert-
butyl dicarbonate (8.35 g, 38.3 mmol, 1.5 eq) were added in order. The reaction mixture was
allowed to warm to RT while stirring for 17 hours. After completion, the solvent was evaporated
via distillation to afford a crude solid. The crude solid was dissolved in EtOAc (2V), and hexane
(8V) was added dropwise to precipitate L1.1-Boc (7.90 g, 95.0 wt% by qNMR) as a white solid
(60.0% corrected yield).

'H NMR (600 MHz, DMSO-ds) 8 7.99 (d, J = 8.25 Hz, 1H), 7.51 (dd, J = 8.44, 12.65 Hz, 2H),
7.07 (t,J=9.35 Hz, 1H), 7.01 (d, J= 6.60 Hz, 2H), 5.05 (dt, J = 4.40, 9.08 Hz, 1H), 2.86-2.99 (m,
2H), 1.29 (s, 9H).

BC NMR (151 MHz, CDCI3-d) § 162.9 (d, J = 13.2 Hz), 161.3 (d, J = 13.2 Hz), 160.0, 155.2,
143.6, 142.7 (t, J = 9.5 Hz), 139.6, 128.5, 119.3, 112.3 (dd, J = 20.0, 4.4 Hz), 101.9 (t, J = 25.8
Hz), 56.6, 55.6, 38.3, 28.0, 27.6.

F NMR (565 MHz, DMSO-d6) § -110.59 (s, 2F).
A% (275 nm): 99.4 %
LC-MS (m/z) [M+H]": 491

IR (ATR) vmax: 3379, 2982, 2935, 1690, 1629, 1593, 1459, 1441, 1420, 1368, 1347, 1308, 1269,
1252, 1239, 1174, 1129, 1111, 1055, 1008, 971, 928, 891, 848, 829, 777, 762, 725
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HRMS (ESI) m/z: caled for Ci18HisBr2FaN2O>-Na'= [M+Na]" 512.9595, found 512.9452
Melting point: 130-132 °C.

Synthesis of zer-butyl (1-(3-bromo-6-(3-methyl-3-(methylsulfonyl)but-1-yn-1-yl)pyridin-2-yl)-2-
(3,5-difluorophenyl)ethyl)carbamate (rac-L1.2-Boc)

F F Boc,0 (1.1 eq)
Me _—
=
Mei/
aMe.
HoN Frag Dq eq)
N L Pd(PPh3)2Cl2
| 0.6 mol%;
Br X EA (5 eq
2-MeTHF (8V)
rac-Frag A 68 °C, 2h O,Me rac-L1.2-Boc

73.4%

To a 25 mL round-bottom flask was charged rac-Frag A (1.0 g, 2.55 mmol), Frag D (410.2 mg,
2.81 mmol, 1.1 eq), bis(triphenylphosphine)palladium (II) dichloride (10.7 mg, 15.3 pmol, 0.006
eq), and degassed 2-MeTHF (5.0 mL, 5V). The mixture was evacuated and backfilled with N»
three times. Then degassed TEA (1.78 mL, 12.8 mmol, 5.0 eq) was added under N atmosphere at
20 °C, followed a solution of di-tert-butyl dicarbonate (612.4 mg, 2.81 mmol, 1.1 eq) in degassed
2-MeTHF (1 mL, 1V). The reaction mixture was heated to 68 °C and maintained for 2 h. Upon
completion, the reaction mixture was partitioned between EtOAc (20V) and deionized H>O (20V).
The aqueous layer was extracted thrice with EtOAc (10V each). The combined organic layers were
washed thrice with deionized H>O (10V each), brine (10V), and concentrated to dryness. The
resulting crude solid was dissolved in EtOAc (2V), and then hexane (8V) was added dropwise to
yield rac-L.1.2-Boc as a brown solid (1.04 g, 73.4 % uncorrected yield).

'H NMR (600 MHz, DMSO-dy) & 8.10 (d, J = 8.07 Hz, 1H), 7.47 (dd, J = 8.40, 13.20 Hz, 2H),
7.07 (t, J=9.45 Hz, 1H), 7.02 (d, J = 6.42 Hz, 2H), 5.08 - 5.13 (m, J = 4.03 Hz, 1H), 3.20 (s, 3H),
2.86 -2.97 (m, 2H), 1.68 (s, 6H), 1.28 (s, 9H).

3C NMR (151 MHz, DMSO-ds) 6 163.0, 161.3, 159.2, 155.2, 142.9, 141.3, 139.7, 128.0, 120.1,
112.4,101.9, 88.0, 84.1, 78.1, 69.0, 57.2, 55.8, 38.5, 35.0, 28.0, 22.3, 22.2.

9F NMR (565 MHz, DMSO-ds) § -110.64 (m, 2F).
A% (275 nm): 97.6 %

LC-MS (m/z) (M+H): 557
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IR (ATR) vmax: 3373, 3008, 2982, 2932, 1702, 1627, 1597, 1519, 1448, 1431, 1392, 1366,
1305, 1269, 1256, 1241, 1165, 1116, 1060, 1038, 1016, 971, 855, 766

Telescoped synthesis of L1.3-K-Boc (Step 1: Coupling Fragments A, D, and B-
DiMs)
Synthesis of potassium (S)-(7-(2-(1-((tert-butoxycarbonyl)amino)-2-(3,5-difluorophenyl)ethyl)-6-(3-

methyl-3-(methylsulfonyl)but-1-yn-1-yl)pyridin-3-yl)-4-chloro-1-(2,2,2-trifluoroethyl)-1H-indazol-
3-yl)(methylsulfonyl)amide (L.1.3-K-Boc)

Cl
e SO,Me
g%/ O.g / N
(o) 6 N— SO,Me
HAN Frag D 8'%) >ﬁ\/ g Frag B-DiMs
2 Boc,0 (1.1 eq) i) e F3 (1.2q)
Br Pd(Pﬁflﬁ%9|2 PdCI2
(3 /6 mol%)
TEA (5.0 eq) 2-MeTHF (2V)
oo A 2-MeTHF (8V) H,0 (2V)
rag 68 °C,2-3h 68°C,3h
ii) 3M KOH (5V), 68 °C, 1 h L1.3-K-Boc
69.7% yield

A 1L ChemRxnHub reactor was successively charged with Frag A*? (40.00 g, 100.1 mmol, 98.1
wt%, 98.8 %ee), Frag D (1584 g 1051 mmol, 1.05 eq, 97 wt%), and bis-
(triphenylphosphine)palladium (II) dichloride (0.70 g, 1.0 mmol, 0.01 eq). The reactor was
evacuated and backfilled with Argon four times, then charged with degassed 2-MeTHF (360 mL,
7V), a solution of di-tert-butyl dicarbonate (24.27 g, 110.1 mmol, 1.1 eq) in 2-MeTHF (40 mL,
1V), and triethylamine (70 mL, 500 mmol, 5.0 eq). The contents were stirred and heated to 68 °C
and held for 2-3 hours. Once the Heck coupling was complete, degassed deionized H,O (40 mL,

1V) was added to the reaction mixture.

A 2L ChemRxnHub reactor was successively charged with Frag B-DiMs (63.87 g, 120.1 mmol,
1.2 eq, 100 wt%), CataCXium A (2.27 g, 6.00 mmol, 0.06 eq), and palladium (II) dichloride (0.53
g, 3.00 mmol, 0.03 eq). The reactor was evacuated and backfilled with Argon four times, then
charged with degassed 2-MeTHF (80 mL, 2V), and the contents stirred at 20 °C. The contents in
Reactor 1 were then transferred to Reactor 2. Following complete transfer, a deionized H>O (40
mL, 1V) rinse was added to Reactor 1 and transferred to Reactor 2. The contents of Reactor 2

were heated to 68 °C and stirred for 3 hours. Once the Suzuki reaction was complete, 3M KOH
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(200 mL, 600 mmol, 6.0 eq) was added to Reactor 2 and stirred for 1 hour at the same temperature.

Upon hydrolysis completion, the contents were cooled to 20 °C.

The contents were filtered through a celite plug (20 g) and returned to a clean reactor. Once the
aqueous phase was separated, the organic phase was concentrated at 50 °C (NLT 100 torr), diluted
with deionized H2O (800 mL, 20V), and further concentrated until the volatile organics were
removed (NLT 55 torr). The aqueous phase was pH-adjusted to pH > 12.5 with aq. KOH (160 mL,
3 wt%) and washed thrice with MTBE (200mL, 5V each). The aqueous phase was then extracted
once with MIBK (400 mL, 10V), and the organic phase was treated with SilaMetS Thiol (8.40 g,
10 wt% of theoretical yield) as a slurry at 80 °C for 3 hours. The contents were cooled to 20 °C,
filtered through a celite plug (20 g), and rinsed with MIBK (200 mL, 5V). The filtrate is returned
to a clean reactor, washed successively with 3M KOH (40 mL, 1V) and deionized H>O (40 mL,
1V), concentrated at 50 °C (NLT 30 torr) to ~200 mL batch volume, and precipitated with heptane
(400 mL, 10V) over NLT 10 minutes. The contents were cooled to 20 °C, filtered, and the solid
was dried in a vacuum oven at 75 °C, 30 torr, for NLT 12 hours to yield L1.3-K-Boc (65.05 g,
90.4 wt% by HPLC) as a light-yellow solid (69.7% corrected yield).

'H NMR (600 MHz, DMSO-ds) § 7.74 — 7.67* (m, 2H), 7.41 — 7.26* (d, ] = 6 Hz, 1H), 7.08 —
6.94* (m, 3H), 6.51 — 6.41* (m, 2H), 4.33 —4.03* (m, 3H), 3.36 (s, 3H), 3.24 — 3.23* (m, 3H),
2.86 — 2.77* (m, 4H), 1.72 (brs, 6H), 1.26 — 1.21* (s, 9H). *Signals from minor atropisomer

included.

3C NMR (151 MHz, DMSO-ds) § 208.3, 162.8 (d, J = 13.6 Hz), 161.2 (d, ] =13.6), 160.7, 155.5,
152.1, 143.2 — 143.1 (m), 140.9, 139.8, 139.3, 131.4, 129.9, 128.2, 126.3, 124.7, 122.8, 119.2,
117.6,117.5,111.9 - 111.8 (m), 102.0 — 101.6 (m), 87.5, 84.8, 78.2, 57.3, 55.5, 51.8, 35.1, 30.1,
28.1,24.9,23.9,22.5,22.3.

19F NMR (565 MHz, DMSO-ds) § -68.3 (t, J = 8.7 Hz, 1F), -68.6 (m, 0.3H)*, -68.8 (t, J = 9.3 Hz,
3F), -110.4 — -110.5 (m, 2F), -110.6 — -110.7* (m, 0.5F), -110.8 — -110.9* (m, 0.2F), -111.0 —

-111.1* (m, 0.2F). *Signals from minor atropisomer included.
A% (275 nm): 98.1%

Atropisomeric ratio based on A% (275 nm): major: 83.2% (retention time: 10.11min); minor

atropisomer: 16.8% (retention time: 9.76 min)
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HPLC wt% purity (275 nm): L1.3-Boc free acid (85.7 wt%)
GC-FID solvent analysis: MIBK (3.90 wt%); Heptane (0.13 wt%)
ICP-OES metals analysis: Pd (7.9 ppm)

KF water content analysis: HO (1.32 wt%)

ELSD salt content analysis: 4.7 wt%

LC-MS (m/z) [M—K +H]": 804

IR (ATR) vmax: 2978, 2935, 1703, 1625, 1595, 1577, 1508, 1482, 1366, 1305, 1228, 1198, 1157,
1103, 1042, 977, 841, 760

HRMS (ESI) m/z: caled for C34H34CIFsKNsO6S2-H'= [M+H]" 842.1269, found 842.1264

Melting point: 210-215 °C.

Synthesis of L.1.3-Ms (Step 2: Boc-Deprotection of L.1.3-K-Boc)

Synthesis of (S)-N-(7-(2-(1-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-methyl-3-(methylsulfonyl)but-1-
yn-1-yl)pyridin-3-yl)-4-chloro-1-(2,2,2-trifluoroethyl)-1H-indazol-3-yl)methanesulfonamide (L1.3-
Ms).

9M, 10 eq
Aq H2S04 ( )

9:1 Toluene:EtOH (5V)
20°C, 2 hr

L1.3-K-Boc L1.3-Ms

To a 300 mL ChemRxnHub reactor was added L1.3-K-Boc (50.00g, 53.66 mmol, 1.0 eq, 90.4
wt%), toluene (225 mL, 4.5V), and EtOH (25 mL, 0.5V). The reaction was stirred for 20-30 min
at 20 °C under N; atmosphere to obtain a clear solution. After which, 9M sulfuric acid (59.6 mL,
536.6 mmol, 10 eq) was added dropwise via syringe, and the reaction was stirred at 20 °C until
Boc-deprotection was completed. After 2 hours, EtOAc (750 mL, 15V) and H2O (75 mL, 1.5V)

were added and stirred for 10 minutes. The layers were separated, and the organic layer was
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basified (pH ~8.5) using 3M NaOH (20 mL, 0.4V). The layers were separated, and the organic
layer was washed two times with deionized H,O (250 mL, 5V each). The final organic layer was
concentrated at 55 °C (NLT 50 torr) to ~50 mL batch volume (1V). Heptane (500 mL, 10V) was
added, and the slurry was stirred for 30 minutes. After which, the solid was collected via filtration
using a disposable funnel, suction dried for 30 minutes and then dried in a vacuum oven at 75 °C,
30 torr, for NLT 12 hours to afford L1.3-Ms (39 g, 94.1 wt% by HPLC) as a light-yellow solid
(97 % corrected yield).

'H NMR (600 MHz, DMSO-ds ) (Major isomer) 8: 7.74 (d, J = 8.0 Hz, 1H), 7.71 (d, J= 7.9 Hz,
1H), 7.21 (d, J = 7.6 Hz, 1H), 7.03 — 6.93 (m, 1H), 6.63 (d, J= 7.6 Hz, 1H), 6.31 (dd, J= 8.3, 2.1
Hz, 2H), 4.91 (td, J = 16.8, 8.5 Hz, 1H), 4.32 (td, J = 16.9, 8.5 Hz, 1H), 3.62 (1, J = 6.8 Hz, 1H),
3.25 (s, 3H), 3.16 (s, 3H), 2.91 — 2.74 (m, 2H), 1.73 (s, 6H).

'H NMR (600 MHz, DMSO-ds) (Minor isomer) 5: 7.82 (d, J = 8.0 Hz, 1H), 7.71 (d, J = 7.9 Hz,
1H), 7.42 (d, J = 7.7 Hz, 1H), 7.36 (d, J = 7.7 Hz, 1H), 7.02 — 6.93 (m, 1H), 6.60 (dd, J = 8.3, 2.0
Hz, 1H), 631 (dd, J = 8.3, 2.1 Hz, 1H), 4.50 (dt, J = 24.3, 8.3 Hz, 1H), 4.10 — 3.96 (m, 1H), 3.70
(dd, J = 8.6, 5.1 Hz, 1H), 3.25 (s, 3H), 3.16 (s, 3H), 2.98 (dd, J = 13.4, 8.7 Hz, 1H), 2.90 — 2.83
(m, 1H), 1.73 (s, 6H).

13C NMR (151 MHz, DMSO-ds) § 163.3 (d, J = 13.3 Hz), 161.7 (d, J = 13.4 Hz), 161.1, 143.0,
142.2, 141.5 (d, J=177.2 Hz), 140.1, 139.95 — 139.8 (m), 139.7, 131.1 (d, J = 106.3 Hz), 129.0
(d, J=104.6 Hz), 124.6, 122.7, 122.4, 119.7, 118.2, 117.8, 112.4 (d, J = 24.3 Hz), 102.2 (t, J =
25.6 Hz), 88.6, 85.1, 57.8, 55.3, 50.7 (d, J = 33.5 Hz), 44.4, 41.6 (s), 41.4, 35.5 (d, J = 3.6 Hz),
31.7,28.8,22.8 — 22.7 (m), 22.6, 14.4. (Atropisomers cannot be differentiated in '*CNMR).

F NMR (565 MHz, DMSO-ds) (Major isomer) & -68.95 (t, J = 8.6 Hz, 3F), -110.42 (t, J = 7.8
Hz, 2F).

F NMR (565 MHz, DMSO-ds) (Minor isomer) & -68.75 (t, J = 8.3 Hz, 3F), -110.42 (t, J = 7.8
Hz, 2F).

A% (275 nm): 96.8 %

Atropisomeric ratio based on A% (275 nm): major: 83.0% (retention time: 7.77 min); minor

atropisomer: 17.0% (retention time: 6.14 min)
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HPLC wt% purity (275 nm): 94.1 %

GC-FID solvent analysis: 2.49 % Heptane; 0.40 % Toluene
ICP-OES metals analysis: 18.2 ppm

KF water content analysis: 0.83 %

ELSD salt content analysis: Not detected

LC-MS (m/z) [M+H]": 704

IR (ATR) vmax: 3360, 3248, 3021, 2935, 1625, 1593, 1577, 1500, 1446, 1357, 1303, 1262, 1239,
1154, 1115, 1044, 973, 937, 885, 848, 829, 759

HRMS (ESI) m/z: calcd for C29H27CIFsNsO4S,-H'= [M+H]" 704.1186 , found 704.1183

Melting point: 126-127 °C.

Synthesis of Len-API (Step 3: Amidation of L.1.3-Ms with Frag C)

Synthesis of Sodium (4-chloro-7-(2-((S)-1-(2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b.,4,4a,5-
tetrahydro-1H-cyclopropa|3,4]cyclopenta[1,2-c]pyrazol-1-yl)acetamido)-2-(3,5-
difluorophenyl)ethyl)-6-(3-methyl-3-(methylsulfonyl)but-1-yn-1-yl)pyridin-3-yl)-1-(2,2,2-
trifluoroethyl)-1H-indazol-3-yl)(methylsulfonyl)amide (Len API)

F

F
V N/E/OH F .
=N

F3C  Frag C (1.025 eq) N
NMM (3.0 eq), T,P (1.30 eq)

N
SOMe \oN Bv), -10°C 0 60°C, 181 3

(So fiém salt)

Len API

To a 1000 mL ChemRxnHub Reactor 1 was added L.1.3-Ms (35g, leq, 46.72 mmol, 94 wt%) and
Frag C (13.5g, 1.025 eq, 47.89 mmol, 100 wt%). Reagent-grade acetonitrile (175mL, 5V) was
added to Reactor 1, and the mixture is stirred at 25 °C under N». The mixture was then cooled to
an internal temperature of -10 °C. 4-Methylmorpholine (15.9mL, 3.0 eq, 140.2 mmol) was added
slowly (8 mL/min) to Reactor 1, at -10 °C (internal) under N> and stirred for NLT 10 minutes,
after which, a 50% solution of T3P (27.8mL, 1.0 eq, 46.72 mmol, 50 wt%) in DMF was added
slowly (8 mL/min) to Reactor 1, at -10 °C under N». The reactor was then warmed to 25 °C and

further heated to NLT 60 °C and stirred for NLT 4.5 hours. After the allotted time, a second lot of
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50% T3P (8.2 mL, 0.3 eq, 14.0mmol, 50wt%) in DMF was added slowly (8 mL/min) to Reactor 1
at 60 °C under Ny. The reactor was maintained under these conditions for NLT 18 hours. After
18h, a third lot of 50% T3P (5.44 mL, 0.2 eq, 9.3mmol, 50wt%) in DMF was added slowly (8
mL/min) to Reactor 1 at 60 °C under N». The reactor was maintained under these conditions for

NLT 1 hour.

The reaction mixture was basified (pH ~13.7) with 1M NaOH (383mL, 8 eq, 374mmol), then
stirred and heated to 45 °C (internal) for NLT 3 hours. To this reaction mixture was added MIBK
(358mL, 10V), and the mixture was stirred for NLT 15 minutes. A phase separation was
undertaken, and the aqueous layer was discharged. The organics were concentrated via distillation
(250 to 50 mbar) to 40mL, ~1V, and then heptane (530mL, 15V) was added, stirred for 1 hour.
The resulting solid was filtered using a disposable fritted funnel and suction-dried for 1 hour. The
solid was transferred to 2000 mL ChemRxnHub Reactor 2. To this, EtOH (530mL, 10V based on
crude solid) was added and stirred at 70 °C for 15 min until a clear solution was observed. Then
heptane (1060mL, 20V based on crude solid) was added dropwise over 3h maintaining temperature
70 °C. The mixture was stirred at 70 °C for 30 minutes, and then slowly cooled to room temperature
over 16 hours. The solid was filtered with a disposable fritted funnel, washed with 1:2
EtOH:Heptane (530mL, 10V), suction dried for NLT 1h. The obtained solid was charged back to
Reactor 2. To this, EtOH (600mL, 10V based on crude solid) was added and stirred at 70 °C for
15 min until a clear solution was observed. Then heptane (1200mL, 20V based on crude solid) was
added dropwise over 3h maintaining temperature 70 °C. The mixture was stirred at 70 °C for 30
minutes, and then slowly cooled to room temperature over 16 hours. The solid was filtered with a
disposable fritted funnel, washed with 1:2 EtOH:Heptane (600mL, 10V), suction dried for NLT
1h and finally oven dried at 75 °C under vacuum (30 torr) for NLT 12 h until constant weight to
obtain pure Len API sodium salt as a yellow solid in (37.5 g, 78.4% corrected yield, 102.48wt%)

'H NMR (600 MHz, DMSO-ds) (Major isomer) &: 9.08 (d, J = 8.0 Hz, 1H), 7.69 (s, 2H), 7.04 —
6.96 (m, 1H), 6.93 (d, J= 7.6 Hz, 1H), 6.67 (d, J= 7.6 Hz, 1H), 6.44 (d, J= 6.3 Hz, 2H), 4.89 (d,
J=16.5Hz, 1H), 4.76 (d, J= 16.5 Hz, 1H), 4.69 (td, J = 8.4, 5.1 Hz, 1H), 4.19 (dq, J = 16.6, 8.3
Hz, 1H), 3.81 (dq, J= 17.6, 8.9 Hz, 1H), 3.25 (s, 3H), 2.93 (ddd, J=22.5, 13.6, 7.0 Hz, 2H), 2.78
(s, 3H), 2.61 — 2.51 (m, 2H), 1.74 (s, 3H), 1.73 (s, 3H), 1.39 (dd, J = 13.4, 7.2 Hz, 1H), 0.94 (d, J
= 3.3 Hz, 1H).
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'H NMR (600 MHz, DMSO-ds) (Minor isomer) : 8.92 (d, J = 8.5 Hz, 1H), 7.75 (dd, J = 21.8,
7.9 Hz, 2H), 6.95 (d, J = 12.0 Hz, 1H), 6.91 — 6.85 (m, 2H), 6.52 (d, J = 6.3 Hz, 2H), 4.83 — 4.78
(m, 2H), 4.63 (d, J = 16.5 Hz, 1H), 4.28 (dd, J = 16.0, 8.2 Hz, 1H), 3.73 (dd, J= 16.5, 8.1 Hz, 1H),
3.24 (s, 3H), 3.09 — 3.00 (m, 2H), 2.83 — 2.79 (s, 3H), 2.62 — 2.51 (m, 2H), 1.73 (d, J = 3.6 Hz,
6H), 1.45 — 1.41 (m, 1H), 0.98 (s, 1H).

3C NMR (151 MHz, CDCI3-d) § 164.4, 163.4, 163.0, 162.9, 161.3, 161.2, 158.9, 158.2, 152.6,
151.9, 143.0 — 142.9 (m), 142.9 — 142.8 (m), 142.8 — 142.7 (m), 142.6, 142.4, 142.4 — 142.2 (m),
142.1 (d, J = 9.4 Hz), 141.4 (s), 141.1, 139.6 (s), 139.4, 134.0 (d, J = 38.6 Hz), 133.6, 133.2 —
133.0 (m), 132.1, 131.9, 131.7, 129.7, 129.6, 128.2, 127.9, 126.9, 126.8, 124.5, 123.5 — 123.1,
122.7,121.6,121.6 — 121.5 (m), 119.9, 119.9, 119.8, 118.9, 118.2 (d, J=21.1 Hz), 117.5, 117.2,
117.0,112.1,111.97,111.8,102.2,102.0, 101.8, 88.1, 88.0, 84.7, 57.3, 56.0, 53.2, 53.0, 52.8, 52.4,
49.5 (d, J = 32.1 Hz), 40.0, 38.6, 35.1, 27.7, 27.6, 27.3, 23.2, 22.3 (d, J = 18.7 Hz), 11.6.
(Atropisomers cannot be differentiated in >°CNMR).

1F NMR (565 MHz, DMSO-ds) (Major isomer) &: -60.01 (s, 3F), -68.55 (s, 3F), -79.33 (d, J =
254.0 Hz, 1F), -102.61 (d, J = 253.9 Hz, 1F), -109.89 (s, 2F).

%F NMR (565 MHz, DMSO-ds) (Minor isomer) &: -59.97 (s, 3F), -68.03 (s, 3F), -79.58 (d, J =
254.2 Hz, 1F), -102.58 (d, J = 253.7 Hz, 1F), -109.97 (s, 2F).

A% (235 nm): 98.8A%

Atropisomeric ratio based on A% (235 nm): major: 85.9% (retention time: 11.96 min); minor

atropisomer: 14.1% (retention time: 11.42 min)

HPLC wt% purity (235 nm): 100.6%=+2.8%

GC-FID solvent analysis: 0.3%+0.04% (EtOH); 0.06%+0.01% (Heptane)
ICP-OES metals analysis (Pd content): < 4.2 ppm

KF water content analysis: 0.3%=+0.01%

ELSD salt content analysis: 1.88%+0.08%

LC-MS (m/z) [M — Na + H]": 968
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IR (ATR) vmax: 3651, 3366, 3021, 2943, 1702, 1627, 1590, 1515, 1485, 1459, 1385, 1366, 1351,
1314, 1260, 1236, 1148, 1131, 1109, 1042, 1018, 978, 945, 842, 807, 762

HRMS (ESI) m/z: caled for C39H31CIF190N7NaOsS,-H'= [M+H]"990.1327, found 990.1326
Melting point: 238-240 °C.
[a]%? (deg'mL-g'-dm™') (MeOH (10mg/mL) at 20 °C under 589nm): -93.044

Synthesis and characterization of major impurities

N-(4-chloro-1-(2,2,2-trifluoroethyl)-1H-indazol-3-yl)methanesulfonamide (Frag B-MoMs-
Debo)

Cl Cl
3M KOH (5 eq)
SO,Me > ’
N 2-MeTHF(5V), 70 °C, 2 h N
_ SO,Me /' “so,Me
i Frag B-DiMs-DeBo Frag B-MoMs-DeBo
Fs Fs

To a two-neck 100 mL round-bottom flask was added Frag B-DiMs-DeBo (1.5 g, 3.7 mmol, 1
eq), 2-MeTHF (7.5 mL, 5V) and KOH (3M, 6.2 mL, 18.5 mmol, 5 eq) at room temperature. The
reaction mixture was heated at 70 °C for 2 h. Upon completion of the reaction (monitored by TLC),
the mixture was cooled to 20 °C. The mixture was extracted twice with EtOAc (15 mL each, 10V).
The organic layers were combined and washed with 5% acetic acid (7.5 mL, 5V), followed by
deionized water (7.5 mL, 5V) to pH = 7.0. The organic layer was concentrated and treated with
heptane (10.5 mL, 7 V). The slurry was filtered to afford Frag B-MoMs-DeBo as a solid (0.70 g,
2.1 mmol, 57.8 % uncorrected yield).

'H NMR (600 MHz, DMSO-ds) § 9.94 (s, 1H), 7.80 (d, J= 8.5 Hz, 1H), 7.55 — 7.41 (m, 1H), 7.29
(d, J=7.4 Hz, 1H), 5.49 (q, J = 9.0 Hz, 2H), 3.22 (s, 3H).

3C NMR (151 MHz, DMSO-ds) & 142.8, 138.7, 128.7, 125.3, 127.4 — 119.8 (q, 280Hz), 122.5,
116.7, 109.4 (s), 49.0 (q, J = 33.6 Hz), 41 4.

9F NMR (565 MHz, DMSO-ds) § -69.58 (t, J = 9.1 Hz).

A% (275 nm): 98.2 %
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LC-MS (m/z) [M+H]": 328

IR (ATR) vmax: 3274, 3224, 3021, 2968, 2939, 1740, 1612, 1572, 1526, 1500, 1451, 1429, 1388,
1347, 1299, 1261, 1246, 1183, 1155, 1090, 1060, 978, 941, 892, 855, 833, 782, 762, 738

HRMS (ESI) m/z: calcd for Ci1oHoCIF3N30,S-Na'= [M+Na]" 349.9948, found 349.9997
Melting point: 166 -168 °C.

tert-butyl (S)-(1-(3,6-bis(3-methyl-3-(methylsulfonyl)but-1-yn-1-yl)pyridin-2-yl)-2-(3,5-
difluorophenyl)ethyl)carbamate (L.1.2-Boc-DiFd)

F F Boc,0O (1.1 eq) F. F
Me _—
=
ovie _N
HzN 5 Frag D (2.0 eq) Boc SO,Me
NZ~Br  PdCl,
‘ XPhos (10 mol%)
Br X TEA (5 eq) Me
2-MeTHF (8 V) Me

Frag A 68°C, 3 h

O,Me L1.2-Boc-DiFd

A 100 mL two-neck round-bottom flask was charged with Frag A (2.00 g, 5.1015 mmol, 1.0 eq),
Frag D (1.49 g, 10.203 mmol, 2.0 eq), PdCl> (45.2 mg, 0.255 mmol, 0.05 eq), and XPhos (243.2
mg, 0.510 mmol, 0.1 eq). The above reaction mixture was degassed and backfilled with nitrogen
three times. Then degassed 2-MeTHF (3.0 mL, 8V) was added. To the stirred mixture was slowly
added a solution of di-tert-butyl dicarbonate (1.22 g, 5.6117 mmol, 1.1 eq) in degassed 2-MeTHF
(2.0 mL, 1V), then degassed triethylamine (3.56 mL, 25.508 mmol, 5 eq) was added slowly. The
reaction mixture was heated at 68 °C and stirred for 2 h under N atmosphere. Upon completion
of the reaction, 2-MeTHF was removed under vacuum at 50 °C. The solid was then suspended in
deionized H>O (20 mL,10V) and stirred for 20 min. The solid was collected by filtration and
washed with heptane (20 mL, 10 V). The solid was dried at 65 °C to afford L.1.2-Boc-DiFd as a
light brown solid (1.4 g, 2.1918 mmol, 42.9 % uncorrected yield).

'H NMR (600 MHz, DMSO-ds) & 8.97 (bs, 1H), 7.90 (d, J= 7.8 Hz, 1H), 7.54 (d, J= 7.8 Hz, 1H),
7.42 (d, J=17.8 Hz, 1H), 7.16 — 7.01 (m, 1H), 6.96 (d, J = 6.4 Hz, 1H), 5.22z (d, J = 6.5 Hz, 1H),
5.09% (s), 3.21 (s, 6H), 3.12* (d, J = 13.6 Hz), 3.05 (s, 1H), 2.98 (d, J= 9.1 Hz, 1H), 2.69 — 2.68
(m, 1H), 1.68 (d, J = 6.3 Hz, 12H), 1.57* (m), 1.28 (s, 9H), 1.16* (s).
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13C NMR (151 MHz, DMSO-ds) 3 163.3, 161.6, 155.6, 143.1, 141.2, 140.8, 126.7, 117.0, 113.0,
102.3, 96.2, 89.4, 85.1, 81.6, 78.9, 78.5, 69.5, 58.0, 57.9, 57.78, 55.1, 46.2, 35.7, 35.5 (d, J = 3.8
Hz), 28.6, 28.3 — 28.0 (m), 22.8 (d, J = 4.8 Hz), 22.7, 22.5.

F NMR (565 MHz, DMSO-ds) § -110.7*, -110.8 (d, J = 7.8 Hz).
A% (275 nm): 98.6 %
LC-MS (m/z) [M+H]": 623

IR (ATR) vmax: 3371, 2982, 2935, 1707, 1627, 1597, 1498, 1448, 1366, 1299, 1163, 1113, 1012,
949, 844, 762

HRMS (ESI) m/z: caled for C30H3F2N206S2-H'= [M+H]" 623.2056, found 623.2055

Melting point: 121-123 °C.

N-(4-chloro-7-(2-((S)-1-(2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-
1H-cyclopropa|3,4]cyclopenta[1l,2-c]pyrazol-1-yl)acetamido)-2-(3,5-difluorophenyl)ethyl)-
6-(3-methyl-3-(methylsulfonyl)but-1-yn-1-yl)pyridin-3-yl)-1-(2,2,2-trifluoroethyl)-1H-
indazol-3-yl)-2-((3bS.,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-
cyclopropa|3,4]cyclopenta[1,2-c]pyrazol-1-yl)-N-(methylsulfonyl)acetamide (Len-API-DiC)

F

F
N OH
=N
Fs Frag-C (1.0 eq)

TEA (3.0 eq), T3P (2.0 eq)
\S// °
N\ ACN (10V), 25°C, 4 h

3
0=S=0  Len API-DIC
\

Len API-H

A 50 mL round-bottom flask was charged with Len API-H (500 mg, 0.51 mmol, 1.0 eq), Frag C
(145.7 mg, 0.516 mmol, 1.0 eq), and 5.0 mL of CH3CN (10V) under N atmosphere. The mixture
was stirred at 20 °C, and then TEA (0.22 mL, 1.55 mmol, 3.0 eq) was added slowly under N>. The
mixture was stirred for 5 minutes and then a solution of T3P in DMF (50 wt%, 0.6 mL 1.03 mmol,
2.0 eq) was added slowly. The mixture was stirred for another 4 h. After completion, 10 mL of

ice-cold H,O was added, and the mixture was stirred for 10 minutes. The mixture was extracted
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twice with EtOAc (30 mL each). The organic layers were combined and washed with brine (20
mL). The EtOAc layer was separated and rotovapped to dryness. The residue was precipitated with
heptane (5 mL, 10 V). The solid was collected by filtration and dried under vacuum at 60 °C for 7
h to afford 0.37 g of Len-API-DiC as a light-yellow solid (58.1% uncorrected yield).

'"H NMR (600 MHz, DMSO-ds) (Major isomer) J: 9.10 (d, J= 8.5Hz, 1H), 7.81 (d, J= 7.9 Hz,
1H), 7.48 (dd, J=15.6, 5.7 Hz, 1H), 6.93 (t,J=9.2 Hz, 1H), 6.89 (d, /= 7.7 Hz, 1H), 6.54 — 6.45
(m, 1H), 6.39 (d, J= 6.5 Hz, 2H), 4.98 — 4.83 (m, 2H), 4.81 —4.53 (m, 3H), 4.03 (m, 1H), 3.63 (s,
3H), 3.26 (s, 3H), 3.02 (m, 2H), 2.73 — 2.55 (m, 2H), 2.43 (dd, /= 22.4, 9.8 Hz, 2H), 1.75 (s, 6H),
1.41 (ddd, J=24.4, 13.6, 6.7 Hz, 2H), 1.30 — 1.19 (m, 1H), 0.97 (s, 2H).

'H NMR (600 MHz, DMSO-ds) (Minor isomer) 6: 9.21 (t,J = 10.1 Hz, 1H), 7.92 (d, J= 7.9 Hz,
1H), 7.76 (dd, J = 20.7, 8.0 Hz, 1H), 7.54 — 7.44 (m, 1H), 7.00 (dd, J = 17.7, 8.4 Hz, 1H), 6.99 —
6.95 (m, 1H), 6.54 — 6.44 (m, 2H), 4.86 (ddd, J = 32.8, 22.0, 12.7 Hz, 2H), 4.80 — 4.51 (m, 3H),
4.22 — 4.05 (m, 1H), 3.63 (s, 3H), 3.26 (s, 3H), 3.00 (m,2H), 2.72 — 2.56 (m, 2H), 2.43 (dd, J =
22.4,9.8 Hz, 2H), 1.75 (s, 6H), 1.41 (ddd, J = 24.4, 13.6, 6.7 Hz, 2H), 1.21 (m, 1H), 1.01 (d, J =
14.1 Hz, 2H).

3C NMR (151 MHz, , DMSO-ds) & 170.78, 166.56, 166.07, 165.08, 164.90, 163.42, 163.39,
162.75, 161.79, 161.70, 159.29, 158.84, 143.13, 143.02, 142.76, 142.10, 140.76, 140.72, 139.76,
139.45,135.36, 133.10, 132.25, 130.12, 127.51, 125.858, 125.29, 124.10, 123.96, 122.24, 122.01,
121.92, 120.50, 120.38, 120.30, 120.14, 119.10, 118.54, 112.54, 112.37, 112.20, 102.62, 102.45,
89.05, 88.86, 84.93, 60.19, 57.88, 57.81, 87.79, 54.29, 53.82, 53.43, 53.18, 52.32, 51.13, 50.90,
42.04, 41.86, 36.20, 35.63, 35.55, 35.52, 31.18, 28.01, 27.82, 23.63, 23.43, 22.83, 22.79, 22.76,
22.72,22.49,21.1514.48, 12.12. (Atropisomers cannot be differentiated in >CNMR.)

9F NMR (565 MHz, DMSO-ds) J: -59.35 —-61.26 (m), -68.08 —-70.14 (m), -78.66 — -81.57 (m),
-101.67 —-104.58 (m), -109.71 —-111.06 (m). (Atropisomers cannot be differentiated in ’FNMR.)

LC-MS (m/z) [M+H]": 1232

Atropisomeric ratio based on A% (235 nm): major: 91.5% (retention time: 17.45 min); minor

atropisomer: 8.5% (retention time: 17.37 min)

HRMS (ESI) m/z: caled for C490H37CIF15N9O6S2-Na™= [M+Na]" 1254.1649, found 1254.1644
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Melting point: 97-106 °C.

(S)-N-(1-(3-(4-chloro-3-(methylsulfonamido)-1-(2,2,2-trifluoroethyl)-1H-indazol-7-yl)-6-(3-
methyl-3-(methylsulfonyl)but-1-yn-1-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)acetamid

(L1.3-Ms-Ac)

AcOH, T3P, NMM

CH4CN, rt

L1.3-Ms-Ac

To a two-neck 50 mL round-bottom flask was added L1.3-Ms (500 mg, 0.7 mmol, 1.0 eq),
followed by acetic acid (0.06 mL, 1.04 mmol, 1.50 eq) to this was added acetonitrile (2.5 mL, 5V)
at room temperature under N». N-Methylmorpholine (0.23 mL, 2.1 mmol, 3.0 eq, 2.1 mmol) was
added slowly over a period of 5 minutes at -12 °C under N> and stirred for 30 seconds. Then, 50
% T3P (0.5 mL, 0.87 mmol, 1.25 eq) in DMF was added, and the reaction was allowed to stir at
RT for 1 h under N». Upon completion, monitored via HPLC-UV, the reaction was distilled out
completely, and diluted with MIBK (5.0 mL, 10V) and 1M NaOH (4.4 mL, 13.2 mmol, 3M, 19
eq) was added to adjust the pH to between 7-8. The organic layer was separated, distilled out
completely, and subject to purification via SiO2 column chromatography (0-80 % EtOAc in
heptanes), to afford L.1.3-Ms-Ac as a semi-solid (0.25 g, 0.325 mmol, 46.8 % uncorrected yield).
"H NMR (600 MHz, DMSO-ds) § 10.09 (d, J=39.0 Hz, 1H), 8.67 (d, J= 7.9 Hz, 1H), 8.35* (d, J
=8.2 Hz), 7.82 (dd, J = 15.8, 8.0 Hz, 1H), 7.74 (dd, /= 7.9, 4.3 Hz, 1H), 7.39 (dd, /= 12.1, 7.7
Hz, 1H), 7.28* (d,J=7.7 Hz), 7.13 (d, J=7.6 Hz, 1H), 7.05 — 6.92 (m, 1H), 6.56* (d, /= 6.2 Hz),
6.49 (dd, J = 8.3, 2.1 Hz, 2H), 4.81 (dq, J = 16.6, 8.4 Hz, 1H), 4.76 — 4.67* (m), 4.47 (ddd, J =
9.5, 8.0,4.7 Hz, 1H), 4.17 — 4.06 (m, 1H), 3.27 — 3.23 (s, 3H), 3.21 (s, 3H), 2.89 (ddd, J = 23.1,
13.6, 7.0 Hz, 1H), 1.73 (d, J= 2.5 Hz, 6H), 1.68 (s, 3h), 1.59%* (s).

3C NMR (151 MHz, DMSO-ds) & 169.0, 168.2, 162.8 (d, J = 13.3 Hz), 161.2 (d, J = 13.3 Hz),
160.1 (s), 142.7, 141.8, 139.6, 139.3, 139.2, 131.2, 130.2, 126.3 (t, J = 27.7 Hz), 125.1 (d, J =
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302.5 Hz), 122.2, 119.4, 117.4, 111.9 (d, J = 24.4 Hz), 102.0 (t, J = 25.7 Hz), 88.2, 84.6, 57.3,
53.0, 52.6, 50.5 (dd, J= 65.6, 34.4 Hz), 41.4, 35.1 (d, J= 5.2 Hz), 22.3 (t, J= 9.3 Hz), 22.0.

19F NMR (565 MHz, DMSO-ds) & -68.78 (t, J= 9.2 Hz), -110.32 (d, J= 9.9 Hz).
A% (275 nm): 95.5 %

Atropisomeric ratio based on A% (275 nm): major: 83.2% (retention time: 6.16 min); minor

atropisomer: 16.8% (retention time: 4.85 min)
LC-MS (m/z) [M+H]": 746

IR (ATR) vmax: 3358, 3028, 3000, 2939, 1736, 1654, 1627, 1595, 1576, 1500, 1446, 1373, 1300,
1261, 1239, 1153, 1112, 1041, 974, 851, 829, 758

HRMS (ESI) m/z: caled for C31H29CIFsNsOsSz-H'= [M+H]" 746.1292, found 746.1292
Melting point: 117-121 °C.

Process safety assessment by EasyMax- detailed procedure for calorimetry data

cl
SOZMe
>§Té A SOZMe

collection

F Boc,O (1.1 eq)

Me _~
Mei//
O,Me

HoN < Frag D (1.1 eq) Frag B-DiMs
NZ B Pd(PPh3):Cl> PdCl,
| 0.6 mol%) (3/6 mol%£
Br X TEA (5 eq) H50 ( Me
2-MeTHF (8 V) 68°C, 3h
(S)-A15  72°C, 3-4h .
L L1.2-Boc — L1.3-Boc-DiMs: R = Ms j KOH (3M)
L1.3-K-Boc: R =K 1-2h
Synthesis of potassium (S)-(7-(2-(1-((tert-butoxycarbonyl)amino)-2-(3,5-

difluorophenyl)ethyl)-6-(3-methyl-3-(methylsulfonyl)but-1-yn-1-yl)pyridin-3-yl)-4-chloro-1-
(2,2,2-trifluoroethyl)-1H-indazol-3-yl)(methylsulfonyl)amide (L1.3-K-Boc)

To a 100 mL glass reactor was added Frag A ((§)-A1.5, 5.0 g, 12.7 mmol, 1.0 eq), 2.06 g of Frag
D (13.2 mmol, 94 wt%, 1.04 eq), 53.7 mg of bis(triphenylphosphine)palladium (II) dichloride
(76.5 pmol, 0.6 mol%), and 7V of 2-MeTHF (35.0 mL). The vessel was evacuated via a vacuum

pump and filled with N> four times. A baseline HFCal determination was performed (Quick Cal
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1) for 1 hour and 10 minutes. Then, Boc anhydride (3.06 g, 14.0 mmol, 1.1 eq) in 1V of degassed
2-MeTHF (5.0 mL), was added dropwise via syringe at RT. Next, 8.9 mL of degassed
triethylamine (63.7 mmol, 5 eq), was added dropwise via syringe at RT. The reaction mixture was
heated to 68-70 °C (T; = 72 °C) and stirred for 15 minutes. After which, an HFCal determination
was performed (Quick Cal 2) for 1 hour and 10 minutes. The reaction was analyzed via TLC for
completion and then transferred to the Suzuki reaction (reactor 2) as detailed below.

While the Heck coupling was running (reactor 1), a second 100 mL reaction vessel (reactor 2) was
filled with 8.14 g of Frag B-DiMs (15.3 mmol, 1.2 eq), 67.8 mg of palladium (II) chloride (382.6
umol, 3 mol%), and 274.4 mg of di((3S,58S,7S)-adamantan-1-yl)(butyl)phosphane (765.2 umol, 6
mol%). The vessel was evacuated via a vacuum pump and filled with N> four times, then the Heck
reaction mixture (reactor 1) was charged via syringe and 22G needle. The reaction mixture was
heated to 68-70 °C (T = 72 °C) and stirred for 10 minutes. A baseline HFCal determination was
performed (Quick Cal 1) for 1 hour and 10 minutes. After which, 10 mL each of deionized H,O
and 2-MeTHF were added, and the mixture was stirred for 10 minutes. An HFCal determination
was performed (Quick Cal 2) for 1 hour and 10 minutes. The reaction was then analyzed via TLC
for completion. Upon Suzuki reaction completion, an HFCal determination was performed (Quick
Cal 1) for 1 hour and 10 minutes, then 21.256 mL of aqueous 3M potassium hydroxide (63.7 mmol,
5.0 eq) was added to the hot mixture and stirred for 20 minutes. Another HFCal determination was
performed (Quick Cal 2) for 1 hour and 10 minutes, and the reaction was analyzed via TLC for

completion, then cooled to RT (Tj =25 °C) and ceased.

Synthesis of (S)-N-(7-(2-(1-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-methyl-3-
(methylsulfonyl)but-1-yn-1-yl)pyridin-3-yl)-4-chloro-1-(2,2,2-trifluoroethyl)-1H-indazol-3-
yDmethanesulfonamide (L1.3-Ms)

(9M, 10 eq)
Aq H2S04

9:1 Toluene:EtOH (5V)
20°C, 2 hr

To a 100 mL glass reactor was added of L1.3-K-Boc (10.7 g, 12.7 mmol, 1 eq) and 5V of methyl
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ethyl ketone (53.7 mL) or L1.3-K-Boc¢ (10.0 g, 11.87 mmol, 1 eq) and 7V of 5:2 toluene:EtOH
(70.0 mL) under N; at 20 °C (Tj = 20 °C). The mixture was stirred for 10 minutes, and then a
HFCal determination was performed (Quick Cal 1) for 1 hour and 10 minutes. After which, 14.1
mL of aqueous 9M sulfuric acid (127.5 mmol, 10 eq) was added dropwise over various rates (i.e.,
2, 12, and 45 minutes) and stirred for 10 minutes under N at 20 °C (T; = 20 °C). A HFCal
determination was performed (Quick Cal 2) for 1 hour and 10 minutes, and the reaction was
analyzed for completion via TLC, and then ceased.

Synthesis of Sodium (4-chloro-7-(2-((S)-1-(2-((3bS.,4aR)-5,5-difluoro-3-(trifluoromethyl)-
3b,4,4a,5-tetrahydro-1H-cyclopropa|3,4]cyclopenta[1,2-c]pyrazol-1-yl)acetamido)-2-(3,5-
difluorophenyl)ethyl)-6-(3-methyl-3-(methylsulfonyl)but-1-yn-1-yl)pyridin-3-yl)-1-(2,2,2-
trifluoroethyl)-1H-indazol-3-yl)(methylsulfonyl)amide (Len API)

OH
SR S
Fl Frag C (1.025 eq) Y
H NMM (3.0 eq), T3P (1.30 eq) _N
N
SO,Me Fs

ACN (5V), -10 °C to 60 °C, 18 h

O,Me  L1.3-Ms
To a 100 mL glass reactor was added L.1.3-Ms (10.0 g, 14.2 mmol, 1 eq), 4.1 g of Frag C (14.5
mmol, 1.025 eq), and 5V of acetonitrile (50.0 mL) under N> at 20 °C (T = 20 °C) and stirred for

Len API-Na

10 minutes. The reaction mixture was cooled to -10 °C (Tj = -13 °C) and stirred for 10 minutes.
After which, a HFCal determination was performed (Quick Cal 1) for 1 hour and 10 minutes. Then,
4.6844 mL of NMM (42.6 mmol, 3.0 eq) was dosed over 2 minutes and then stirred for 10 minutes
at -10 °C (Tj=-13 °C). Next, 8.2611 mL of T3P (14.2 mmol, 1.0 eq) was dosed over 2 minutes at
-10 °C (Tj = -13 °C). The reaction was then heated to 60 °C (Tj = 65 °C) and stirred for 10 minutes.
A HFCal determination was performed (Quick Cal 2) for 1 hour and 10 minutes, and then the
reaction was held at 60 °C (T; = 65 °C) for 2 hours. After the allotted time a HFCal determination
was performed (Quick Cal 1) for 1 hour and 10 minutes, and then 2.5 mL of T3P (4.26 mmol, 0.3
eq) was dosed over 0.5 minutes at 60 °C (T; = 65 °C). A final HFCal determination was performed
(Quick Cal 2) for 1 hour and 10 minutes, and the reaction was held at 60 °C (T; = 65 °C) for 15
hours. After which, the reaction was analyzed for completion via HPLC, cooled to RT (Tj = 20

°C), and then ceased.
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3.3 NMR Spectra
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Figure 3.3.1. '"HNMR (600MHz, DMSO-ds) of Frag-B-DiMs.
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Figure 3.3.3. YFNMR (565MHz, DMSO-d¢) of Frag-B-DiMs.
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Figure 3.3.5. 3CNMR (151MHz, DMSO-ds) of Frag C.
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Figure 3.3.6. ’FNMR (565MHz, DMSO-ds) of Frag C.

Retention Times

Compound Time (min)
Frag C Enantiomer 1 3.53
Frag C Enantiomer 2 8.52

Notes: Stereochemical assignments unknown
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Representative Chromatogram
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Figure 3.3.7. Chiral GC (GC-FID) spectrum of Frag C.
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Figure 3.3.8. 'H NMR (600 MHz, DMSO-d6) of Frag D.
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Figure 3.3.9. *C NMR (150 MHz, DMSO-ds) of Frag D.
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Figure 3.3.10. '"H NMR (600 MHz, DMSO-ds) of rac-L1.1-Boc.
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Figure 3.3.11. *C NMR (151 MHz, DMSO-dj) of rac-L1.1-Boc.
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Figure 3.3.14. *C NMR (151 MHz, DMSO-d) of rac-L1.2-Boc.
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Figure 3.3.15. '°F NMR (565 MHz, DMSO-ds) of rac-L.1.2-Boc.
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Figure 3.3.16. "H NMR (600 MHz, DMSO-ds) of L1.3-K-Boc.
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Figure 3.3.18. F NMR (565 MHz, DMSO-d;) of L1.3-K-Boc.

L1.3-K-Boc L1.3-K-Boc
Name . .
(minor) (major)
RT (min) 9.76 10.11
N A% (275pm)* 16.8 83.2

Figure 3.3.19. HPLC spectrum of L1.3-K-Boc and atropoisomeric ratio based on A% (275 nm).
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GFN-002-S1-B1-15.95 (LC-DAD Wt% and Area % Analysis)

LC-UV Area % Analysis (-en API Gradient_v5)
ID RT (min) 275 nm Area % Comment
1.62 0.8% Frag B-MoMs-DeBo
GFN-002-51-B2-15.95 1012 98.1% L 1.3-Boc
12.18 1.2%

Figure 3.3.20. LC-UV area% analysis of L1.3-K-Boc (275 nm).



GFN-002-S1-B1-15.95 (LC-MS Impurity Analysis)

Impurity Analysis by LC-MS (.CMS A_LenAPIMS)

ID RT (min) | 275 nm Area % m/z Comment
1.08 0.01% No lonization
1.20 0.01% 308 (ESI+)
1.43 0.02% No lonization
GFN-002- 1.77 0.03% No lonization
S1-B2 1.87 0.44% 328 (M+H) Frag B-MoMs-Debo
15.95 2.07 0.01% 279 (ESI+)
9.51 0.42% 623 (M+H) L1.2-Boc-DiFd
10.07 0.40% 770 (ESI+); 714 (M+H-Boc)
11.34 96.85% 804 (M+H) L1.3-Boc
Impurity Analysis by LC-MS (-CMS A_LenAPIMS)
ID RT (min) | 275 nm Area % m/z Comment
12.69 0.23% 1075 (ESI+) Contains 2-3 Cl atoms
13.13 0.18% 1095 (ESI+) Contains 1 Cl atom
13.55 0.66% 1095 (ESI+) Contains 1 Cl atom
14.29 0.37% 1095 (ESI+) Contains 1 Cl atom
16.40 0.10% No lonization
17.18 0.13% 725 (ESI+); 668 (M+H-Boc) Contains 1 Cl atom
17.39 0.12% 995 (ESI+) Contains 2 Cl atoms

88

Figure 3.3.21. Impurity analysis of L1.3-K-Boc by LC-MS.
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Figure 3.3.23. 3C NMR (600 MHz, DMSO-d;) of L1.3-Ms.
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Figure 3.3.24. 'F NMR (565 MHz, DMSO-ds) of L1.3-Ms.

£ Name L1.3-Ms (minor) | L1.3-Ms (major)
RT (min) 6.14 7.77
E A% (275pm)* 17.0 83.0

Figure 3.3.25. HPLC spectrum of L.1.3-Ms and atropoisomeric ratio based on A% (275 nm).




GFN-002-S2-B1-9.53 (LC-UV Wt% and Area % Analysis)

LC-UV Area % Analysis (LCUV-L13Vs)
ID RT (min) 275 nm Area % Comment

4.91 0.04%
5.62 0.1%
6.14 16.5% L 1.3-Ms Isomer 1
71.75 80.5% L 1.3-Ms Isomer 2
8.33 0.1%
8.43 0.2%
9.14 0.1%

GFN-002-52-B1-9.53 983 0.7%
10.4 0.7%
12.12 0.5%
12.24 0.1%
12.34 0.1%
12.7 0.2%
12.89 0.2%

Figure 3.3.26. LC-UV (275 nm) A% analysis of L.1.3-Ms.
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GFN-002-52-B1-9.53 (LC-MS Impurity Analysis)

LC-MS Impurity Analysis (LCMS A_LenAPI_MS)

ID RT (min) | 275 nm Area % m/z Comment
4.84 0.03% No lonization
5.61 0.04% No lonization
6.31 0.1% No lonization
6.74 20.3% 704 (M+H) L 1.3-Ms Minor Isomer
8.02 0.4% 670 (ESI+)
8.35 76.6% 704 (M+H) L 1.3-Ms Major Isomer
9.13 0.2% No lonization
9.28 0.2% No lonization
10.06 0.1% No lonization
GFN'Og‘:ﬁ)'SSZ‘B"' 10.80 0.8% 995 (ESI+) Contains 2 Cl atoms
' 11.44 0.6% 995 (ESI+) Contains 2 Cl atoms
Co-elutes 624 (ESl+) Contains 2 Cl atoms
11.91 0.1% 732 (ESI+)
12.01 0.1% No lonization
12.24 0.4% 732 (ESl+)
12.31 0.1% No lonization
12.84 0.1% No lonization
12.94 0.1% No lonization
13.09 0.04% No lonization
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Figure 3.3.27. Impurity analysis of L1.3-Ms by LC-MS.
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Figure 3.3.29. ®C NMR (151 MHz, DMSO-ds) of Len-API.
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Figure 3.3.31. HPLC spectrum of Len-API (sodium salt) and atropoisomeric ratio based on A%
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Figure 3.3.30. '°F NMR (565 MHz, DMSO-d;) of Len-API.
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Name Len-API Len-API
sodium salt (minor) sodium salt (major)
RT (min) 11.42 11.96
A% (235nm)* 14.1 85.9

(235 nm).
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GFN-002-S3-B0-9.59 (LC-UVY Wt% and Area % Analysis)

LC-UV Area % Analysis (LCUV_Len API_Gradient)
ID RT (min) 275nm Area % Comment

0.77 0.1% L 1.3-Ms Isomer
1.01 0.01%
1.08 0.1% L 1.3-Ms Isomer
3.67 0.02%
4.92 0.4%

GFN-002-53-81-9.59 5.06 0.2% L1.3-Ms-Ac Isomer
10.94 0.1%
11.96 98.8% Len API
12.45 0.1%
12.88 0.4%

Figure 3.3.32. LC-UV (235 nm) A% analysis of Len-API.




GFN-002-S3-B0-9.59 (LC-MS Impurity Analysis)

Impurity Analysis by LC-MS (-CVS A_LenAPLMS)

ID RT (min) 235 nm Area % m/z Comment
0.79 0.2% No lonization
1.48 0.1% No lonization
5.99 0.2% No lonization
GFBN{(_)%;}SS' 12.75 13.7% 968 (M+H) Len API Isomer
' 13.33 85.6% 968 (M+H) Len API Isomer
14.35 0.3% No lonization
14.6 0.1% No lonization
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Figure 3.3.33.

Impurity analysis of L1.3-Ms by LC-MS.
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Figure 3.3.34. 'HNMR (600MHz, DMSO-ds) of Frag B-DiMs-DeBo.
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Figure 3.3.35. *CNMR (151MHz, DMSO-ds) of Frag B-DiMs-DeBo.
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Figure 3.3.36. '°F (565MHz, DMSO-ds) of Frag B-DiMs-DeBo.
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Figure 3.3.37. '"H (600MHz, DMSO-d) of L1.2-Boc-DiFd.
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Figure 3.3.38. 13C (151MHz, DMSO-ds) of L1.2-Boc-DiFd.
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Figure 3.3.39. F (565MHz, DMSO-ds) of L1.2-Boc-DiFd.
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Figure 3.3.40. "H NMR (600MHz, DMSO-ds) of Len API-DiC.
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Figure 3.3.41. >*C NMR (151MHz, DMSO-ds) of Len API-DiC.
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Figure 3.3.42. 'F NMR (565MHz, DMSO-ds) of Len-API-DiC.

" . Len API-DIiC
Name Len APLDIC (minor) o
RT (min) 17.37 1745
D
A% (235 549 9151

*Poor resolution was observed for determining accurate ratio of isomers.

Figure 3.3.43. HPLC spectrum of Len-API-DiC and atropoisomeric ratio based on A% (235

nm).
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Figure 3.3.45. >*C NMR (151 MHz, DMSO-ds) of L1.3-Ms-Ac.
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Figure 3.3.46. '°F NMR (565 MHz, DMSO-ds) of L1.3-Ms-Ac.

Name L1.3-Ms-Ae L1.3-Ms-Ac
| (minor) (major)
| .
‘ | ‘ RT (min) 4.85 6.16
\ .
| ratio% 16.84 83.16

Figure 3.3.47. HPLC spectrum of L1.3-Ms-Ac and atropoisomeric ratio based on A% (275 nm).
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