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ABSTRACT

Potassium acyltrifluoroborates (KATs) are opening up new avenues in chemical biology, materials science
and synthetic organic chemistry due to their intriguing reactivities. However, the synthesis of these
compounds remains mostly complicated and time-consuming. This lack of a rapid and facile synthetic
route has hindered the widespread adoption of KAT-based chemistry, especially in the areas of compound
library synthesis and drug discovery. Herein, we have developed chemoselective Pd-catalyzed approaches
for the late-stage diversification of arenes bearing pre-functionalized KATs. These approaches feature
chemoselective cross-coupling, rapid diversification, functional group tolerance, mild reaction conditions,
and high yields.

INTRODUCTION

Acylborons are an emerging class of organic compounds, which have untapped potential as a new
synthetic tool in a myriad of research areas.! Potassium acyltrifluoroborates (KATs) are the stable version
of acylborons which are generally free-flowing solids that tolerate air and water, and possess unique
reactivity patterns.? For example, KAT reacts chemoselectively with hydroxylamine under mild aqueous
conditions to form a stable amide linkage in a reaction referred to as KAT ligation, which was pioneered
by Bode.? KATs also react with secondary amines under mild condition to furnish trifluoroborate-iminiums
(TIMs), which are novel synthetic intermediates to make a-aminotrifluoroborates.* Further, the
applications of KATs are ever expanding in the areas of materials science and chemical biology.> However,
rapid methods to access libraries of KAT compounds are still in demand. Such methods would enable the
application of KATs in compound library synthesis and fragment-based drug discovery.®

In general, KATs and other acylborons can be prepared by the following approaches: (1) quenching
a boron electrophile, such as B(OMe)s, with an acyl anion equivalent;®® (2) treating an
organometallic compound, such as ArLi or an alkyl cuprate species with a thioformamide-based
KAT transfer reagent;? % (3) addition of a nucleophilic boron source to an electrophilic carbon
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center;’” (4) oxidation of pre-functionalized organoboron compounds;?"(5) Pd-catalyzed Migita-
Kosugi-Stille cross-coupling between a tin reagent and an aryl iodide.??(6) Ring opening reaction
of a-chloroepoxyboronates.’(7) Cu-catalyzed carbonylative borylation of alkyl halides.® Herein we
disclose chemoselective Pd-catalyzed approaches for the late-stage diversification of haloarenes
bearing pre-functionalized KATs. These approaches enabled quick and easy access to a diverse
range of KATs that were previously unknown.
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Figure 1: Rapid access to diverse KATs using chemoselective cross-coupling reactions
RESULTS AND DISCUSSIONS

It was reported that (2-phenylacetyl)trifluoroborate was not a viable substrate for Suzuki-Miyaura cross-
coupling to synthesize ketones,? following this result, we investigated an array of Pd-catalyzed cross-
coupling reactions on aryl bromides/iodides pre-functionalized with KATs to explore the possibility of
rapid diversification. At the outset of the study we investigated the Suzuki-Miyaura coupling of
commercially available potassium 4-bromobenzoyltrifluoroborate (1a) with 4-chlorophenylboronic acid.
A series of conditions were screened to find out the optimal reaction conditions in which the C-B bond on
the KAT 1a (Figure 2) remained intact whilst the C-B of the 4-chlorophenyl boronic acid participated in the
cross-coupling with C-Br of KAT 1a (refer SI, Table S1). Pd(dppf)Cl,;CH,Cl; was identified as a suitable
catalyst but XPhos Pd G3 performed even better for a greater range of substrates. The reaction proceeded
smoothly in 1,2-dimethoxyethane (DME) and in the presence of water as co-solvent. K,CO3 was elected
as the base. Having optimized the reaction conditions we choose a diverse array of boronic acid substrates
to make biaryl KATs on reaction with KATs 1a-1e (Figure 2).
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Figure 2: KAT building blocks used in this study
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Scheme 1: Scope of chemoselective Suzuki cross-coupling with diverse aryl boronic acids



The first set of aryl boronic acid substrates possessed a variety of functional groups with different
electronic effects, including CN, CF3, NO,, OCF;, SCF3, F, and Cl. All these functionalities were well
tolerated in the coupling and the corresponding biaryl KATs (7a—7j) were isolated in 63%—96%
yields. The next set of substrates for the Suzuki coupling were selected to deliver bifunctional
KATs, which could be potentially used for incorporating KATs into complex biomolecules and
chemical probes via chemoselective reactions. KATs (8a—8j) bearing reactive functional groups,
including CN, alkene, ketone, ester, trimethylsilyl, OH, and CH,OH groups that are amenable to
chemoselective modifications in the presence of the KAT functionality, were successfully
synthesized with yields ranging from 64% to 99%. These results further demonstrated the
simplicity of our approach in introducing orthogonal reactive handles to KATs in a single step; thus,
expanding the repertoire of bifunctional KAT reagents.

Next, we investigated the boronic acid derivatives of privileged heterocycles, including pyridine,
quinoline, thiophene, and benzothiophene, as coupling partners with the arenes 1a, 1c, and 1d.
The desired heterocyclic frameworks bearing KATs 9a—9f were successfully obtained in 60%—99%
yields. Pyrene, fluorene, and other conjugated m-arenes, such as naphthalene, are useful
structural motifs in organic materials. Functionalizing these scaffolds with KATs can broaden the
application of KAT chemistry in the area of materials science. Hence, we investigated m-arenes
functionalized with boronic acid 5a—5e and carried out the Suzuki coupling with the KAT 1a or 1d.
Substrates 5a—5d smoothly underwent the Suzuki coupling to furnish the KAT derivatives 10a—10d
in 63%—99% vyields. Pyrene-1-boronic acid 5e afforded the desired KAT 10e in 43% yield. We were
also pleased to observe that the boronic acid derivatives of natural products, such as the estrone
6a and sugar 6b, underwent the Suzuki coupling with the KAT building block 1d to afford the
respective KAT derivatives 11a and 11b in 50% and 53% yields, respectively, demonstrating the
application of this method to complex molecule modification. Finally, thiophene KAT 1le was
treated with 3 different aryl boronic acids. We were impressed to see this heteroaryl KAT reacted
smoothly with these boronic acids to furnish the respective thiophene-based biaryl KATs 11c to
11le in 95% to 98% vyields.

Subsequently, Buchwald-Hartwig amination was explored using the KAT building blocks to establish a
C(sp?)—NHAr linkage (Scheme 2). A 2 mol% of XPhos Pd G3 precatalyst was successfully able to catalyze
C(sp?)—-N bond formation between the KAT building block 1a or 1d and various anilines 12a—12i to afford
KATs 13a-13i in high yields. K(t-OBu) was found to be compatible with the KAT functionality (see S, Table
S2 for optimization of reaction conditions). It was noted that the KAT functionality remained intact during
the amination reaction and the formation of TIM derivatives did not occur with the anilines. However, the
use of aliphatic amines, such as cyclohexylamine, morpholine and n-butylamine did not afford the desired
products, and the recovery of the KAT starting material was unsuccessful.
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Scheme 2 Buchwald-Hartwig cross-coupling reaction on KATs.
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Scheme 3 Sonogashira cross-coupling on KAT building blocks

Next, we explored the compatibility of the KAT building blocks 1c and 1d under Sonogashira coupling
conditions. The standard coupling conditions, which use a copper co-catalyst and organic base, did not



work in our hands and the KAT starting material was decomposed to unidentified impurity. Hence, we
screened a number of reaction conditions (see Sl, Table S3) and identified a copper-free version of the
reaction to be optimal in effecting the transformation whilst maintaining the KAT functionality intact. The
optimized conditions used the XPhos Pd G3 catalyst and K,COs as the base. The use of water as a co-
solvent increased the reaction yield. Under the optimized conditions, the phenyl acetylenes 14a-14d were
successfully coupled to the KAT building blocks 1c and/or 1d to furnish the corresponding products 15a—
15d) in 68%—98% yield, and propargyl alcohol 14e furnished the desired KAT 15e in quantitative yield
(Scheme 3).
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Reaction conditions: KAT 1d (0.15 mmol), alkene 16 (1.5 equiv.), XPhos Pd G3 (2 mol%), potassium carbonate (3.0 equiv), DMF (2 mL), 130 °C, 24h.

Scheme 4 Heck reactions on KAT 1d

Further investigations revealed that the KAT building block 1d was also compatible with Heck coupling
conditions. Methyl acrylate 16a and 4-fluorostyrene 16b furnished the corresponding products 17a and
17b in quantitative yields (Scheme 4) in the presence of a 2 mol% of XPhos Pd G3 and K,COs in DMF at
130 °C. It is noteworthy that the KAT functionality was found to be stable even when the reaction was
heated at 130 °C under basic conditions.
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Scheme 5 One-pot chemoselective Suzuki cross-coupling/KAT ligation sequence

Having successfully demonstrated four different types of Pd-catalyzed chemoselective cross-couplings
using pre-functionalized KAT building blocks, we extended our approach to a one-pot Suzuki cross-
coupling and KAT ligation sequence (Scheme 5). KAT 1d was coupled to 4-hydroxyphenyl boronic acid 3f,



and the crude cross-coupled product was treated directly with hydroxylamine 18 under acidic conditions
to obtain the desired amide 19 in 91% yield. This one-pot synthesis further adds to the utility of the
building block approach.

CONCLUSION

In summary, robust strategies to access diverse arrays of KATs have been developed. Optimized conditions
were identified to maintain the C—B bond of the KAT functionality completely intact under several
different Pd-catalyzed cross-coupling approaches, thus forging various new connections, including C(sp?)-
C(sp?) (aryl), C(sp?)—N, C(sp?)-C(sp), and C(sp?)—C(sp?) (alkene) bonds, to the KAT building blocks in a
chemoselective and late-stage fashion. These approaches significantly expand the access to many
different types of KATs that are previously unknown, including multi-functionalized (hetero)aryl KATs,
bifunctional KATs that can undergo double chemoselective transformations, KAT-functionalized complex
molecules, and scaffolds of importance in pharmaceutical and materials science. As these approaches are
robust and enable rapid diversification from commercially available KAT building blocks, we envisage the
adoption and use of these KATs in a variety of research areas including fragment-based drug discovery
and medicinal chemistry.
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