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The direct application of Knochel-Hauser derivative arylmagnesium halides in Kumada-Corriu
couplings is described. By utilizing the in situ-generated Grignard reagents, the transmetalation
with stoichiometric zinc salts to known Negishi coupling conditions is avoided, thereby
streamlining the transformation.. Several aromatic hetereocycles participate in the deprotonation
and couple with a variety of phenyl iodides and bromides in isolated yields up to 81%. The
parent system is demonstrated on 6 g scale with 79% yield, and monitored via ReactIR to show
the stability of the Grignard and progression of the deprotonation / C-C coupling reaction.

2009 Elsevier Ltd. All rights reserved.

1. Introduction

Selective substitution of heterocycles is of great importance
for the construction of increasingly - complex molecular targets,
particularly in the pharmaceutical industry. Recent years have
seen a bounty of work exploring methods of C-H bond
functionalization to replace the need for pre-functionalized
substrates. These C-H transformations have been guided by two
modes: innate reactivity or under guided conditions.! In cases
where innate reactivity does not permit the desired
transformation, other chemistry can allow for a different path to
achieve the functionalization objective. To this end, directed
ortho metalation < approaches have enabled the selective
deprotonation of arene substrates to facilitate subsequent
substitution. More recently, pioneering reagents have provided
access to reactive intermediates containing sensitive functionality
under mild conditions via kinetic deprotonations.

Over the years, Knochel and others have introduced lithium
chloride-attenuated reagents that facilitate selective metalation,
deprotonation or nucleophilic additions.? The magnesium base
derivatives have been harnessed for selective deprotonations and
functionalization via ensuing treatment with electrophilic species.
In some cases, the reactive intermediates were steered into more
sophisticated C-C bond formation reactions via a palladium-
catalyzed Negishi protocol following transmetalation of the
organomagnesium halides with zinc salts.®> However, only select
reports with thiophene substrates have described a C-C coupling
sequence with the heteroarylmagnesium species* in a direct
coupling, with the work focused not on discrete molecular
products but rather polymerization of these heterocycles.® Herein
we describe the direct application of Knochel-Hauser base to
generate a RMgX species for a telescoped Kumada-Corriu C-C

coupling methodology with a series of diverse heterocycles. We
include a detailed study of the parent reaction by ReactIR to
evaluate the key attributes of the stepwise transformation.

2. Results / Discussion

Scheme 1. C-C sp2-sp? coupling of interest
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While investigating a pipeline project, we came across the
need to functionalize fused pyrazolopiperidine intermediate 1 in
the 3-position. During the course of our research, we found that
TMPMgCI'LICI was uniquely suited for selective deprotonation
and later derivatization with an electrophile quench under
ambient temperature.® Curious about the further reactivity of 1,7
we subsequently reproduced literature Negishi conditions with a
Pd catalyst and iodobenzene, following transmetalation with
ZnCl, (Scheme 1, 62 A% 3 by HPLC via intermediate 2b).
When we probed whether the original organomagnesium chloride
(2a) would also react with Phl in the presence of a catalyst, we
were surprised that this coupling worked equally well (68 A% 3).
After appropriate work-up conditions were identified (see
Supporting Information) to deal with the suspended Mg salts, we
isolated the phenyl-substituted derivative in good yield (57%
isolated yield from 2a).

When screening other variables of the reaction, we learned
that PhBr and PhOTTf also successfully participated in the original
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telescoped reaction conditions at ambient temperature. Other
strong bases could not facilitate the reaction and stoichiometry of
TMPMgCI'LIiCl base was important. Varying deprotonation
times indicated that Grignard formation was achieved quickly
and that intermediate reagent stability was on the order of hours.
A preliminary screen of other catalysts demonstrated that only Pd
complexes appeared to work and SPhos® G2 was most adept at
facilitating the C-C coupling segment of the reaction.® Solvent
screening uncovered anisole as a more advantageous co-medium
for the Phl coupling.’® Further studies with 1 were conducted
with this anisole protocol.

Table 1. Coupling of pyrazole 1 with diverse ArXx®#

be applied in reaction development. ReactIR has proven to be a
very useful tool to provide greater insight into reaction rate and
mechanism. To this end, we utilized a scale-up of our telescoped
reaction with PhBr to evaluate reaction attributes. In-situ FTIR
was first used to evaluate the hydrogen-metal exchange
(deprotonation) to intermediate 2 and its stability, which was
durable over 14 h. In a second experiment, FTIR was utilized to
understand the C-C coupling en route to product 3. The
combined ReactIR data demonstrated that deprotonation is very
fast (< 15 min) and the coupling is similarly rapid.on addition of
a catalyst / PhBr solution (< 20 min, see Fig 1):*>* The 20 mmol
(6.2 g) reaction performed as expected, with the quick
deprotonation / coupling delivering product 3 in 79% isolated
yield and >95 A% HPLC purity following silica chromatography.
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Figure 1. ReactIR evaluation of coupling of 1 with PhBr

Curious to see if the identified ambient temperature conditions
provided a general method for heterocycle functionalization, we
screened several other substrates that had previously been
reported in Knochel-Hauser deprotonation / electrophilic quench
transformations (Table 2).2* 1-Methylindazole 4 reacted with Phl
to provide the 3-substituted product in 67% vyield (entry 1).%
Isoquinoline 5 returned the desired product in a 53% yield with
the aryl iodide but only a 32% yield with the equivalent bromide
(entries 2 and 3). Meanwhile, 2,6-dichloropyridine 6 generated
the 4-substituted product with Phl but only in 22% yield (entry
4). A further experiment with 30% assay yield proved that
degradation during isolation was not the cause for the low output
(entry 5).

Table 2. Coupling of diverse heterocycles with ArX?

and catalyst precursor in anisole at 23 °C. Unless otherwise noted, all
experiments were conducted with 0.651 mmol 1.

b 1solated following work-up and column chromatography.

¢ Parenthetical values are % HPLC assay yields for 2 h reaction time
points against a standard solution of product of known purity.

4 Experiment run at 0.325 mmol scale of 1.

When applied to a variety of Arl and ArBr partners, moderate
to good yields of C-C coupling products were observed in most
cases (Table 1).1* For the parent system, in situ assay yields were
> 80% for both iodo- and bromobenzene with the isolated yield
of the latter at 68% (entry 1). Electron-rich substrates generally
gave higher yields, though variability was noted between the
iodides and bromides in certain cases.

Process Analytical Technology (PAT) is a powerful approach
to monitor pharmaceutical manufacturing processes but can also
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2 Unless otherwise noted, all experiments were conducted with 0.651
mmol of coupling partner in anisole/THF/toluene, 1.1 equiv TMPMgCI'LiCl,
1.2 equiv ArX, and catalyst precursor in anisole at 23 °C for 1 h, followed by
work-up and isolation after column chromatography.

b Parenthetical values are % HPLC assay yields for 3 h reaction time
points against a standard solution of product of known purity.

¢ Experiment run at 0.325 mmol scale of C-H coupling partner.

¢ Experiment conducted for 3 h.

¢Experiment run at 6.62 mmol scale in THF/toluene (no anisole) for 1 h.
1.1 equiv TMP,Mg2LiCl used as base.

The failure of the disubstituted pyridine substrate (6) was
perplexing so we investigated this particular reaction in more
detail. We reexamined solvent composition, other catalysts and
other conditions for this substrate but to no avail. Only when we
looked at a variant of the base, TMP,Mg2LiCl, did we again see
the desired, higher output of the coupling product with 58%
isolated yield (Table 2, entry 6). Though TMPMgCI'LICl is a
powerful ~kinetic base, Knochel et al. reported that
TMP,Mg2LiCl is a stronger and more selective variant, with
best results from freshly prepared solutions.® In addition, after
deprotonation ArMgTMP2LIiClI may be stabilized due to
decreased nucleophilicity and greater steric bulk, as reported by
Eaton and coworkers based on their work with the uncomplexed
(no lithium chloride) TMP,Mg base, thus allowing for greater
success in transmetalation and C-C bond formation. These
revised conditions with 6 were applied to 2-iodotoluene to give
the desired product in 62% yield (entry 7). While
TMP,Mg2LiCl is not commercially-available, this base can
easily be prepared from the monomeric TMP magnesium
chloride-lithium chloride complex and offers another option with
challenging substrates in this telescoped transformation.*®

3. Conclusion

This report describes the direct application of two Knochel-
Hauser bases — TMPMQgCI'LICl .and TMP,Mg2LiCl - to
generate RMgX species for a two-step, telescoped Kumada-
Corriu C-C coupling method with @ series of heterocycles and
iodo- or bromobenzene derivatives. The ambient temperature
procedure allows for a mild C-C cross-coupling to a diverse array
of heterocyclic derivatives. The direct application of the initial
RMgX species enables omission of stoichiometric zinc salt.
Further details__about < the stepwise progression of the
TMPMgCI2LiClI reaction were monitored with ReactIR to show
that both the deprotonation and C-C coupling are rapid processes.

Supplementary Material

Supporting Information associated with this article has been
provided as a separate PDF file.
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Highlights for A Telescoped Knochel-Hauser / Kumada-Corriu Coupling Strategy to

Functionalized Aromatic Heterocycles:

e (-H functionalization via Knochel-Hauser deprotonation under mild conditions

e Telescoped Kumada-Corriu cross-coupling to variety of heterocycles

e Exclusion of stoichiometric zinc salts (and transmetalation for Negishi coupling)

e Benign conditions: room temperature, common solvents, short reaction timeframe

e Monitoring reaction progress by ReactIR to demonstrate straightforward methodology
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