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Efficient Co-Catalyzed Double Hydroboration of Nitriles: Applica-
tion to One-Pot Conversion of Nitriles into Aldimines

Chem. Eur. J. 2020, 26, 4963-4968

The development of new transformations allowing for selec-
tive synthesis of amines from readily accessible precursors
continuously attracts significant attention from the synthetic
chemistry community, since amines play an indispensable
role as building blocks for the synthesis of many natural pro-
ducts, biologically active molecules, pharmaceutical com-
pounds, agrochemicals, etc. In this regard, catalytic reduc-
tion of readily available simple feedstock molecules, such as
nitriles, to amines using abundant first-row transition metal
catalysts (base metals, such as Fe, Co, Ni) represents an attrac-
tive alternative to conventional wasteful stoichiometric re-
duction methods and catalytic reductions with precious metal
catalysts, which are limited in supply and expensive. However,
examples of such base metal catalytic systems for efficient and
selective room-temperature reduction of nitriles to amines
are still scarce and generally require rather sophisticated
ligands, the cost of which should not be underestimated. The
research group of Professor Andrey Khalimon at Nazarbayev
University (Kazakhstan) is interested in the development of
economical and readily available abundant transition metal
pre-catalysts for reduction of challenging unsaturated mole-
cules and application of such transformations in the synthesis
of more complex organic molecules.

“Recently, we have reported a rare example of room-
temperature deoxygenative hydrosilylation of tertiary amides
to the corresponding amines using bench-stable and commer-
cially available Co(acac), ligated with commercially available
phosphines, i.e. PPh, and bis[(2-diphenylphosphino)phenyl]
ether (dpephos)',” said Professor Khalimon. He continued:
“The Co(acac),/dpephos system also showed moderate catal-
ytic activity for the deoxygenative hydrosilylation of several
primary amides. Since previous studies suggested that deoxy-
genative reduction of primary amides proceeds via dehydra-
tion of primary amides to nitriles, followed by their reduc-
tion to amines,? the Co(acac),/dpephos system was tested to
perform hydrosilylation of nitriles; however, to our surprise,
it was found to be inactive in these transformations.” The
group then hypothesized that the reduction of nitriles could
be achieved with hydroboranes, which in comparison with
the silicon center of hydrosilanes typically possess a more
Lewis acidic boron center, as well as a B-H bond having high-
er hydride character relative to the Si-H bond. Besides, nitrile

hydroboration products such as N,N-diborylamines have been
recently shown to be promising reagents for the construction
of C-N bonds via B-N bond cleavage. However, examples of
such transformations are still scarce, since the first synthe-
tic routes to N,N-diborylamines have been developed only
recently. “In 2012, our group reported the first examples of
dihydroboration of nitriles with HBCat (Cat = catechol) using a
Mo(1V) imido hydrido-chloride complex (2,6-Pr,PhN=)Mo(H)
(CI)(PMe,),,>” explained Professor Khalimon. Although the
turnover frequencies were low (TOF up to 1.7 h-'), this work
constituted a valuable proof of principle. Professor Khalimon
said: “In the same report, we demonstrated the first example
of reactivity of PhCH,N(BCat), with benzaldehyde to afford
N-benzylidenebenzylamine under mild conditions (r.t., 1 h).
A similar transformation with PhCH,N(BPin), (Pin = pinacol)
was disclosed by Szymczak and Geri in 2015;* however, the
reaction required addition of 5 mol% of KHMDS (potassium
hexamethyldisilazide) and prolonged heating (up to 18 h) at
150 °C. In 2019, Tobita and co-workers reported Ru-catalyzed
hydroboration of nitriles to N-borylimines and N,N-diboryl-
amines and their application in subsequent Pd-catalyzed
cross-coupling reactions with aryl bromides.> More recently,
Baik, Trovitch and co-workers described the reactions of N,N-
diborylamines with aromatic carboxylic acids at 120 °C to af-
ford secondary carboxamides.®”

Inspired by these examples of reactivity of N,N-diboryl-
amines, the group set up a research program directed at
the development of simple, economical and efficient catal-
ytic systems for selective and mild hydroboration of nitriles
with HBPin to give N,N-bis(pinacolboryl)amines, which
can be used in situ for C-N bond construction reactions
(Scheme 1, A). “Rewardingly, the commercially available and
bench-stable Co(acac),/dpephos system turned out to me-
diate a variety of hydroboration reactions of nitriles under
mild conditions, working equally well for substrates bearing
electron-withdrawing and electron-donating substituents
(Scheme 1, B). Since many reduction reactions suffer from
selectivity issues, one of the most intriguing questions for
us was whether we could perform hydroboration of nitriles
chemoselectively, in the presence of other functional groups
prone to reduction,” remarked Professor Khalimon. He con-
tinued: “To our delight Co(acac),/dpephos allowed for chemo-
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selective hydroboration of cyano groups in the presence of
halide, ether, ester, lactone, amide and unactivated alkene
functionalities (Scheme 1, B). Interestingly, depending on
reaction conditions (temperature and HBPin concentration),
chemodivergent hydroboration was observed for cinnamonit-
rile. At room temperature, using 2.5 equivalents of HBPin, the
reaction selectively afforded the product of the C=C bond re-
duction, e.g. 3-phenylpropionitrile (52% conversion by NMR;
Scheme 1, C). In contrast, treatment of cinnamonitrile with
5 equivalents of HBPin at 50 °C resulted in reverse selectivi-
ty and gave primarily the N,N-diborylcinnamylamine (78% by
NMR; Scheme 1, C). This result was totally unexpected but it
represents a beautiful example of kinetic control of the reac-
tion, depending on experimental conditions.”

The group found that the resulting N,N-bis(pinacolboryl)
amines could be converted in situ into a variety of aldimines.
“This latter transformation works well for both aliphatic and
aromatic N,N-diborylamines and aldehydes, and tolerates a
wide range of common functional groups having different
electronic properties, such as heterocycles, akenes, alkynes,
ketones carboxylic acids, amides and others (Scheme 1, B).
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Thus, combining the efficient and economical method for
generation of diborylamines from nitriles and selective reac-
tions of diborylamines with aldehydes, the overall protocol
represents the first practical, synthetically valuable approach
to aldimines from readily available nitriles, without the use
of dehydrating agents,” said Professor Khalimon. He went on
to explain that the selectivity of the overall transformation
is limited only by the chemoselectivity of the hydroboration
step and the reactions can be performed selectively with the
substrates bearing lactone, ester, carboxamide and unacti-
vated alkene functionalities, which are often not tolerated
during reduction of nitriles.

“This study further illustrates that borylamines, which
can be easily accessed from readily available nitriles using
economical and abundant transition metal catalysts, may
serve as powerful reagents for C-N bond construction reac-
tions,” said Professor Khalimon. He concluded: “We are cur-
rently examining the potential of this methodology in the
synthesis of other nitrogen-containing organic molecules and
expect more reports on reactivity of borylamines to appear in

the research literature in the near future.”
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Scheme 1 (A) One-pot transformation of nitriles into aldimines. (B) Examples of reaction products with isolated yields. (C) Tem-
perature-dependent chemodivergent hydroboration of cinnamonitrile.
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