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ABSTRACT: A concise, transition-metal and protection-free synthesis of adagrasib (MRTX849), a novel KRAS"*€ inhibitor drug
recently approved by the FDA, is reported. Introduction of two chiral building blocks to the tetrahydropyridopyrimidine core was
accomplished via two sequential SyAr reactions. Extensive reaction optimization led to a robust, transition-metal-free oxidation of
the sulfide intermediate. A judicious choice of the leaving group with favorable steric and electronic characteristics at the 4-OH
position of the tetrahydropyridopyrimidine core enabled a facile SyAr displacement to introduce the chiral piperazine. This new,
five-step, chromatography-free synthesis of adagrasib from readily available starting materials obviated the palladium catalysis and
protecting group manipulations in the current commercial route and significantly improved the efficiency of the process in 45%
overall yield.

I<irsten rat sarcoma viral oncogene homologue (KRAS) is protein. As shown in Scheme 1, the current synthetic route
the notorious oncogene with the highest mutation rate started with a Boc-protected tetrahydropyridopyrimidine 2.'°
among all cancers specifically associated with the top three A regioselective SyAr reaction introduced the Cbz-masked

most fatal cancers including pancreatic ductal adenocarcinoma
(PDAC), non-small cell lung cancer (NSCLC), and colorectal
cancer (CRC)." Furthermore, KRAS has been considered as a
challenging therapeutic target, famously designated as “un-

piperazine moiety 3 at the more reactive 4-position.
Installation of the prolinol subunit was achieved via
palladium-catalyzed C—O bond formation between 4 at C-2
druggable " and historically has had limited therapeutic position and prolinol S. Introduction of the chloronaphthyl

options"” until recent discovery of sotorasib (AMGS510)* and subunit required Boc-deprotection followed by a Buchwald-
adagrasib (MRTX849, 1 in Scheme 1)* as drugs targeting the Hartwig amination of the resulting 6 with chloronaphthyl

G12C variant. Adagrasib (1) is a highly selective and potent bromide 7. Practical conditions employing 2-mercaptoethanol
covalent KRAS®"C inhibitor, which has recently been were developed to unmask the Cbz-protected piperazine to
approved as a monotherapy drug and is being evaluated in a afford compound 9."" n-Propanephosphonic acid anhydride
combination therapy in patients with advanced KRAS®!*C- (T;P)-mediated coupling of 9 with the sodium 2-fluoroacrylate

mutated solid tumors.”™* Adagrasib (1) was reported to show

only mild side effects when combined with the immunotherapy

drugs.” This positive clinical readout triggered the develop- -

ment of a more efficient process to this novel drug. Rece'“'ed: December 20, 2022 C
Adagrasib (MRTX849, 1) features three distinct subunits: Published: February 1, 2023

N-methyl prolinol, chloronaphthyl, and substituted piperazine

attached to the tetrahydropyridopyrimidine core. A unique 2-

fluoroacrylamide warhead located at the distal side of the

piperazine is responsible for covalent binding to the target

(10) completed the synthesis of adagrasib (1).
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Scheme 1. Current Manufacturing Process to Adagrasib (1)
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The current synthetic route has been employed to produce
sufficient drug substance to support all the drug development
activities including clinical studies and commercial launch.
However, considering the overall efficiency, cost and
sustainability, we identified three areas for further improve-
ment (Scheme 1): (i) reducing or eliminating usage of
expensive palladium catalysts/ligands in both C—O and C—N
bond formations;'” (i) deferring the installation of the
expensive chiral piperazine to a later stage in the synthesis;
and (iii) avoiding protection/deprotection manipulations.
Herein, we wish to report an efficient five-step synthesis of
adagrasib (1) featuring late introduction of the costly
piperazine and no need for the transition-metal catalysis or
protecting groups.

The retrosynthesis of adagrasib featuring introduction of the
costly chiral piperazine 12° at a late stage of the synthesis is
shown in Scheme 2. We intended to keep the last step in the
new synthesis the same as the existing commercial launch
route (Scheme 1). We conceived that penultimate 9 could be
prepared from compound 11 and chiral piperazine 12 via a
SNATr reaction. Compound 11, in turn, could be prepared from
an appropriately activated pyrimidone (13a or 13b) via
another SyAr reaction.'”'* Ketoester 17 could be obtained
using conventional chemistry and would serve as starting
material for the construction of the tetrahydropyrido-
pyrimidine core."

The synthesis began with the preparation of ketoester 17 via
a three-step through process. As shown in Scheme 3, the
starting material 19 underwent two sequential alkylations: first
with bromoester 20 to afford intermediate 21 and then with
Weinreb amide 22 to afford intermediate 23. Base-mediated
intramolecular Dieckmann condensation of 23 afforded
ketoester 17 in 60% overall yield. Notably, the use of Weinreb
amide is essential to ensure the desired re;gloselectmty in the
intramolecular Dieckmann condensation.’

With ketoester 17 in hand, a conventional two-step synthesis
of sulfide 15a via thiourea condensation/alkylation was initially
assessed. As shown in Scheme 4, the condensation of ketoester
17 with thiourea afforded thiol 18 and the ensuing alkylation
provided sulfide 15a in good yield. However, this approach
generated 2,4-bis-isopropylated side product 15¢ which proved
to be difficult to purge in the downstream process. In addition,
sulfide 15a contained residual iodide, which promoted severe
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Scheme 2. Retrosynthesis of Adagrasib (1)
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H,0, degradation in the subsequent oxidation reaction, raising
safety concerns for a scale-up.'’

The formation of 2,4-bis-isopropylated side product 15¢ was
circumvented by forming 15a via condensation of isopropyl
isothiouronium iodide 16 with ketoester 17. The discovery of
intermediacy of amide 24 was consistent with a one-pot two-
step sequence (Scheme S). A more in-depth study of the
physical properties of sulfide 15 unearthed that it could be
crystallized in its neutral form 1Sb. Indeed, simple acidic
quench of the reaction afforded sulfide 15b in 76% isolated
yield and importantly without any detectable residual iodide."®
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Scheme 3. Synthesis of Ketoester 17
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Scheme 4. Synthesis of Sulfone 13a from Ketoester 17
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Scheme 5. New Route for Sulfone 13a and 11 Synthesis
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A search for favorable conditions to oxidize sulfide 15 to
sulfone 13a included exploration of a range of oxidants such as
oxone, m-chloroperbenzoic acid and H,0, with catalytic
Na,WO,, all known to be viable for this type of trans-
formation.'””*' Employing H,0, as the oxidant was
particularly attractive due to its low cost good atom economy
and innocuous byproduct (water).”” However, neutral sulfide
1Sb (—OH form in Scheme 5) exhibited much poorer
solubility than its salt 15a (—ONa form) in most organic
solvents. For this reason, in situ salt formation of sulfide 15a for
oxidation by pretreatment with NaOH was explored. Under
these conditions, the sulfide was readily soluble in reasonable
solvent volume and the oxidation of the in situ generated
sodium salt 15a proceeded quickly to afford sulfone product
13a in 94% yield even in the absence of tungstate catalyst.

14

2.5 equiv. NaOt-Am

15b 10 °C, 94% O 2-MeTHF
13a 82%
OH Advantages of new oxidation conditions:
SN « Robust oxidation using crystalline 15b
‘ /)\ « Catalyst-free

« Controllable H,0, degradation
« lIsolation via direct crystallization
« High yield (94% on 150 g scale)
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However, significant H,0, degradation in this stron§ly basic
reaction medium (pH ~ 14) posed safety concerns.””

It was reasoned that balancing sulfide solubility/reactivity
versus H,O, stability as a function of pH control could allow
for efficient sulfide oxidation while minimizing unproductive
H,0, decomposition. Delightfully, we found that K;PO, could
resolve the issues described above (Scheme $) as it readily
converts the acidic pyrimidone sulfide 15b to its soluble
potassium salt and the resulting PO,*~/HPO,*" buffer solution
maintains the reaction pH at ~12, effectively suppressing the
undesired H,0, degradation. Optimal conditions for this
tungstate-free oxidation were as follows: 2.5 equiv. H,0, with
2.5 equiv. K;PO, in acetonitrile—water mixtures at 10 °C.*> At
the end of reaction, acid quench of the reaction mixture
enabled direct crystallization of the desired sulfone 13a (94%
yield on multihundred-gram scale). Sulfone 13a sets the stage
for prolinol installation via a SyAr reaction (Scheme S).
Extensive screening of bases showed that 2.5 equiv of NaOt-
Am gave the best yield, albeit with around 3% hydrolyzed side
product which could be easily rejected in the downstream
reactions.

An alternative route to intermediate 11 from compound 18
was also demonstrated (Scheme 6). Chlorination of 18 with

Scheme 6. Alternative Synthesis of Intermediate 11
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triphosgene selectively converted 2-SH group to 2-Cl w1th the
4-OH remaining intact and provided 13b in 81% yield.”® The
chloropyrimidine performs equally well in the SyAr reaction
using prolinol 14 to give compound 11 in 79% yield. This
approach with better atom economy is complementary to the
sulfone route (Scheme 5).

For the installation of the piperazine unit, the conversion of
11 to 9 could be accomplished in a two-step through process
sequence as shown in Scheme 7. For example, activation of the
OH group in 11 via either Tf,0 or PhNTY,, followed by SyAr
displacement afforded intermediate 9 in 70% and 78% yield,
respectively (Scheme 7A, for details: see the SI). Preliminary
screening of different leaving groups such as —OMs or —OTs
showed significant amount of apparent hydrolysis to regenerate
starting material (11) (Scheme 7B).

Based on these observations, we continued to explore
alternatives to the —OTf leaving group to determine if the
yield and purity profile could be improved and to better
understand the mechanistic pathways involved in this SyAr
process. Focusing on tosylate 25b, we initially speculated side-
product 11 might come from hydrolysis of the intermediate 25.
However, reaction in the presence of activated molecular sieves
still gave the same reaction profile. The labeling experiment by
adding H,"®O to the reaction solution did not form any '*O-
labeled side product. In contrast, a tosylated piperazine 26 was
identified as the sole byproduct. These results indicated that
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side product 11 did not result from the hydrolysis of
intermediate 25. Rather, it was generated through a
nucleophilic attack of the free piperazine nitrogen at the sulfur
of the sulfonate (Pathway A in Scheme 7C). The major
pathway with the attack at the carbon center of the pyrimidine
ring affords the desired product 9 (Pathway B in Scheme 7C).

The formation of the side product 26 suggested that ortho-
substituents on the benzene ring of the sulfonates might inhibit
the Pathway A due to the steric effect of the ortho group, and
consequently suppress the formation of 11 (Pathway B). To
explore this hypothesis, we screened various substituted
benzenesulfonates as the leaving groups for this SyAr reaction.
As shown in Figure 1, 2-NO,, 2-Cl, 2,4-di-Cl, 2,6-di-Cl
substituted benzenesulfonates with strong electron-withdraw-
ing and steric effects exhibited a desirable reaction profile with
much less side product 11 formed. When the readily available
2-nitrobenzenesulfonate was used (Scheme 8), the telescoped
activation-SyAr process afforded product 9 in 90% yield and
excellent purity.”” Finally, n-propanephosphonic acid anhy-
dride (T,P)-mediated amidation of 9 with 10 afforded
adagrasib (1) in 85% yield.'”*® It should be noted that using
sodium acrylate 10 instead of the free acid minimized the
decomposition of the acid and obviated the use of amine base
in the T;P mediated coupling.

In summary, a new, transition-metal and protection-free
synthesis of adagrasib (MRTX849, 1) has been developed.
This chromatography-free synthesis proceeds in five linear
steps to produce adagrasib (MRTX849, 1) in 45% overall yield
and with excellent quality. This approach takes advantage of a
late-stage installation of the costly chiral subunits onto the
tetrahydropyridopyrimidine core by two sequential SyAr
reactions. The new synthesis obviates palladium catalysis and
protecting group manipulations, which were necessary in the
existing commercial route. A robust, catalyst-free oxidation of
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Figure 1. Sulfonate screening for 2nd SyAr reaction.

Scheme 8. 2nd SyAr Reaction and Amidation
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sulfide also alleviated safety concerns caused by the H,O,
degradation. The study on the leaving groups shows both steric
and electronic effect enhanced the efficiency of the SyAr
reaction. We believe this newly developed route offers a
preferred means to produce the important anticancer
therapeutic adagrasib (1). Furthermore, the methodology
developed here could be applied to modular syntheses of
analogues of the KRAS®'*C inhibitors.”
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