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Abstract

A facile method that allows for Ni(cod), to be used on the benchtop is reported. The procedure
involves the preparation of paraffin— Ni(cod), capsules, which are stable to air and moisture. It is
demonstrated that these readily available capsules can be used to promote a range of Ni(cod),-
catalyzed transformations. These studies are expected to promote the further use of Ni(cod), in
organic synthesis.

In recent years, there has been an outpouring of new methodologies that involve the use of
nonprecious metal catalysts.! Nickel-catalyzed reactions, in particular, have grown
increasingly popular because of nickel’s high natural abundance, low cost, and low CO,
footprint.1 Moreover, the unique reactivity of nickel has opened new doors with regard to
fundamental transformations.

A key challenge in the realm of nickel catalysis is the limited availability of Ni(0)
precatalysts.2 The most commonly used Ni(0) precatalyst is bis(1,5-cyclooctadiene)nickel(0)
or Ni(cod), (1, Figure 1), which has been employed in greater than 800 synthetic studies
over the past three decades.1:3 The cyclooctadiene ligands can be readily displaced by other
ligands in situ, providing a means to examine and utilize various Ni/ligand combinations to
enable a given reaction. However, Ni(cod), is not air-stable and requires handling in an inert
atmosphere. Accordingly, the widespread use of Ni(cod),-promoted methodologies in
chemical synthesis has remained limited.

One clever strategy for handling air sensitive catalysts is to prepare paraffin-based
formulations. Inspired by the success of this approach in a recent seminal study by
Buchwald,* we sought to prepare paraffin-Ni(cod), capsules.> Herein, we report the
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preparation of these capsules and demonstrate that they can be used to perform a host of
Ni(cod),-catalyzed reactions on the benchtop.

The capsules were prepared using the method summarized in Figure 2. Melted paraffin wax
(mp 53-57 °C) was placed into a standard brass mold. After cooling, the resulting wax
cylinder was removed from the mold and trimmed to the desired size. Next, a cavity was
bored in the wax cylinder using a standard drill bit. The resulting hollow and open capsule
was brought into a glove box and charged with Ni(cod),. For some capsules, the air-sensitive
NHC ligands SIPr or IPr were also added. After charging the capsules, a warm metal spatula
was used to melt the top of the capsule closed. Removal from the glove box and redipping in
molten wax (to ensure a proper seal) gave the desired capsules that were ready for use on the
benchtop.®

As our laboratory has recently developed several new Ni(cod),-mediated reactions involving
amide derivatives,” we were eager to test the paraffin-Ni(cod), capsules in these processes.
Figure 3 shows the success of these efforts. Initially, we sought to perform the esterification
of amides.” We were delighted to find that benchtop delivery of Ni(cod), facilitated the
reaction of anilide 2 with (-)-menthol (3) to provide ester 4 in 95% yield. Having validated
the feasibility of this approach, we examined several other reactions of amides.
Transamidation of Boc-activated secondary amide 5 with morpholine (6) provided amide 7
in 87% yield.”d C-C bond formation from amides could also be achieved. For example,
Suzuki—Miyaura cross-coupling of Boc-activated amide 8 with boronate 9 generated
benzophenone 10 in 82% yield.”® Finally, Negishi coupling of amide 11 with organozinc
halide 12 produced ketone 13, albeit in slightly diminished yield.’®

Having validated the utility of the paraffin—-Ni(cod), capsules in the context of amide
activation reactions, we tested the capsules in several other nickel-catalyzed processes
(Figure 4). Buchwald-Hartwig coupling of sulfamate 14 with morpholine (6) furnished
aniline derivative 15 using the benchtop variant of previously reported conditions.®
Additionally, we tested the air-stable variant of Ni(cod), in the context of the sp?—sp3
Suzuki-Miyaura cross-coupling.® Thus, alkyl bromide 16 was coupled with phenylboronic
acid (17) to afford arylated piperidine 18.2° Another attractive use of Ni(cod), lies in
oxidative C—H functionalization reactions,10:11 so we were keen to test the utility of our
paraffin capsules in these methods as well. Under conditions developed by Chatani,10 amide
19 underwent A-directed oxidative annulation with diphenylacetylene (20) to furnish
isoquinolinone 21 in 88% vyield. Finally, two oxidative conversions of aldehydes were tested.
Oxidative esterification of aldehyde 22 with isopropanol (23) using Dong’s recent
methodology gave rise to ester 24 in excellent yield.11 Moreover, oxidative amidation of
benzaldehyde (25) with aniline (26) using paraffin-encapsulated Ni(cod),/IPr delivered
amide 27.11 Of note, the paraffin-Ni(cod), capsules can be employed in a variety of solvents
(e.9., 1,4-dioxane, THF, 2-butanol, toluene), as long as the reaction mixture is heated to

40 °C or higher.

The paraffin—Ni(cod), capsules were further evaluated via the experiments shown in Figure
5. In order to gauge the air stability of our paraffin—Ni(cod), capsules, the esterification of
amide 2 with (-)-menthol (3) was carried out with capsules that had been stored on the
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benchtop for 2 weeks, one month, and two months. In all cases, the desired ester product 4
was obtained in >95% vyield, indicating that prolonged exposure to atmospheric oxygen and
water does not reduce the efficacy of the encapsulated Ni precatalyst.12:13 We also
performed a gram-scale coupling. To our delight, the benchtop esterification using one gram
of substrate 2 delivered menthol ester 4 in 97% yield.

We have developed a facile approach that allows for Ni(cod), to be used on the benchtop.
Our strategy involves the preparation of paraffin-Ni(cod), capsules, which are stable to air
and moisture. The capsules, which will soon be commercially available,14 promote a range
of Ni(cod),-catalyzed transformations, including reactions of amides, aminations, alkyl
Suzuki—-Miyaura couplings, oxidative annulations, esterifications, and amidations. We hope
that the method disclosed herein will help nurture the burgeoning field of nickel catalysis in
academia and industry.
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» Most commonly used Ni(0) precatalyst

- Employed in >800 transformations
over the last three decades

- Glove box handling limits general usage

Present Study:
First Benchtop

Delivery of Ni(cod), Paraffin Capsules

Ni(cod)s (1) and benchtop delivery using paraffin capsules (present study).
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6. Use in
benchtop 5. Seal and remove
reaction from glove box

Ni(cod), released
upon heating

Figure 2.
Preparation of paraffin—Ni(cod), capsules.
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Figure 3.

13

Ni-catalyzed reactions of amides using paraffin—Ni(cod), capsules. 5-10% Ni(cod), and
5-10% SIPr were employed (see Supporting Information for details). The yields shown
reflect the average of two isolation experiments.
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Figure 4.

Ni-catalyzed amination, alkyl Suzuki-Miyaura coupling, oxidative annulation, esterification,
and amidation using paraffin—Ni(cod), capsules. 4-10% Ni(cod), and 5-5.5% IPr was
employed (see Supporting Information for details). The yields shown reflect the average of
two isolation experiments.
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Stability of Paraffin-Ni(cod), Capsules on the Benchtop
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Stability tests of paraffin—Ni(cod), capsules and gram-scale coupling. The yields for the

stability test experiments were determined by *H NMR analysis using 1,3,5-

trimethoxybenzene as an external standard. The yield for the gram-scale coupling reflects

the yield of isolated product.
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