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Copper-Catalyzed Borylation/Carboxylation of Alkenes and Alkynes with Carbon Dioxide
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We have developed the first example of catalytic boracarboxylation of simple alkyn
es and alkenes with carbon dioxide (C02). In the presence of N-heterocyclic carbene (NHC)-copper complexes
as a catalyst and LiOtBu as a base, the reaction of unsaturated substrates with bis(pinacolato)diboron an
d C02 (1 atm) selectively affords a novel family of beta-boralactone derivatives under mild conditions. Th
e current reaction shows broad substrate scope, high regio- and stereoselectivity for the preparation of m
ultifunctionalized hydrocarbons. We have also successfully isolated and structurally characterized some ke
y reaction intermediates from stepwise stoichiometric reactions of related NHC-copper complexes. Based on
the experimental results and rational analysis, a possible mechanism of the current reaction is proposed.
The work on alkynes has been published in Journal of American Chemical Society and highlighted in SYNFACTS
. The manuscript of the results of alkenes is now in preparation.



The use of carbon dioxide (CO,) as a
low-cost and renewable C1 building block
for the synthesis of value-added chemicals
is of great importance and has attracted
increasing interest. The direct
carboxylation of carbon nucleophiles with
CO, as an electrophile is a straightforward
protocol for the synthesis of carboxylic
acids. It was recently demonstrated that
a ,B -unsaturated carboxylic acids and
aliphatic carboxylic acids can be prepared
by transition-metal catalyzed
hydrocarboxylation of alkynes or alkenes
with CO,. It is of more interest and
selective

significance to develop

transformations generating more
diversified organic products from CO, for
the synthesis of fine chemicals and
pharmaceutical agents. However, this kind
of reactions remains largely unexplored.

In principle, the heterocarboxylation
of alkynes or alkenes with CO, would lead
to the addition of both a heteroatom unit
and a carboxylate group to the C-C multiple
bond. This transformation could serve as a
useful method for the synthesis of
multifunctionalized hydrocarbons, which
are potentially versatile building blocks
for wvarious synthetic applications.
However, there have been only a few reports
on stoichiometric heterocarboxylation of
highly reactive substrates. In contrast,
the catalytic heterocarboxylation of
simple unsaturated C—C bonds with CO, has

remained almost unexplored.

This research aims to develop the

boracarboxylation of simple alkynes or

alkenes with diborane and CO, to prepare
organoboron groups-containing carboxylic
acids. This kind of reaction is of
particular interest and importance in view
of the wide utility of C—B bonds in various
Further

chemical transformations.

elaboration of the difunctionalized
products will provide diversified building
blocks for chemical synthesis.
Mechanistic study will also be carried out
to help us to better understand the

catalytic circle of the proposed reaction.

This research starts with the synthesis of

N-heterocyclic carbene (NHC) ligands,
which are used in the following
preparation of the corresponding

NHC-copper complexes. Then the reaction
factors, such as copper catalysts, bases,
solvents, temperature, and CO, pressure,
are systematically screened for a model
reaction. The structures of the obtained
products are determined by several
analytical skills. With the optimized
reaction conditions in hand, the substrate
scope is investigated in detail. Further
elaboration of the obtained products are
developed to show the potential synthetic
application of this method. Some important
reaction intermediates are expected to be
isolated from stepwise stoichiometric
fully

characterization of these complexes will

reactions. The structural

provide important insight into the

reaction mechanism.

We have developed the first example of

copper-catalyzed boracarboxylation of



simple alkynes or alkenes with

bis(pinacolato)diboron (B,(pin),) and CO,.

A novel family of [ -boralactone
derivatives have been synthesized
selectively under mild reaction
conditions.
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We have found that the
boracarboxylation reaction of various
alkynes with B,(pin), and CO, proceeded
smoothly under mild reaction conditions in
the presence of a NHC-copper complex
[(SIMes)CuCI] as a catalyst and LiO#Bu as

a base (Scheme 1). This reaction shows

broad substrate scope for different
substituted alkynes, efficiently
affording a novel family of

a ,B -unsaturated B -boralactone

derivatives with high regio- and
stereoselectivity. The structure of the
product was confirmed by X-ray
crystallographic analysis. Remarkably,
this kind of products can be used as a
suitable

nucleophile in Pd-catalyzed

Suzuki-Miyaura reaction. We also have
successfully isolated and structurally
characterized some key reaction

intermediates from stoichiometric

reactions of related NHC-copper complexes.

Based on the experimental results and
rational analysis, a possible mechanism of
the current reaction was proposed. This
work has been published in Journal of
American Chemical Society and highlighted
in SYNFACTS.
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Based on the development of the first
heterocarboxylation of alkynes, we
further studied the boracarboxylation of
C—C double bonds with CO, (Scheme 2). Under
the optimized reaction conditions,
NHC-copper complex catalyzed reaction of
styrene with B,(pin), and CO, affords a
3 -boralactone product in high yield. It
was found that the reactions of different
substituted styrenes can also generate the
corresponding desired products in good to
excellent vyields. Even [ -substituted
styrenes are suitable substrates for this
reaction, affording syn-addition products
selectively. The acidification of the
obtained [ -boralactone products gives
the corresponding [ -boryl
This kind of

carboxylic group-containing alkylboranes

carboxylic
acids in high vyields.
may serve as useful building block in
organic synthesis. We also carried out

stepwise stoichiometric reactions of

related copper complexes.  Several

important reaction intermediates were
successfully isolated and characterized.
A possible mechanism of the -current
reaction was proposed based on the above
mentioned studies. A manuscript for
publication of this work is now in
preparation.

In summary, we have developed the first
catalytic boracarboxylation reaction of
unsaturated C—C bonds with B,(pin), and CO,.
The present reactions may serve as an
attractive method for the synthesis of

multifunctionalized hydrocarbons from CO,



and easily available substrates.
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