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Distal difunctionalization of aldehydes
via the triplet state of Breslow

intermediates

Hongling Wang,? Xingxing Wu,"* and Yonggui Robin Chi"-*

In this issue of Chem Catalysis, Yan and co-workers describe a distal
difunctionalization of aldehydes through a triplet state of deproto-
nated Breslow intermediates, involving an NHC-derived biradical
species featuring unique reactivity that is formed upon excitation
under thermal conditions resulting from the strikingly low singlet-

triplet gap.

N-heterocyclic carbene (NHC) organo-
catalysis has historically been exten-
sively explored through electron-pair
transfer processes for a broad range
of chemical transformations such as
benzoin condensation, Stetter reac-
tions, and acylations (Figure 1Ai)." In
recent years, considerable interests
have emerged in using NHC catalysis
to generate radicals as key intermedi-
ates via single-electron-transfer (SET)
processes for new reactions that are
otherwise difficult to realize via ionic
processes.” Whereas the Breslow inter-
mediates (Bls)* display a pivotal role in
the electron-pair transformations, the
SET reactions rely on two different
modes to generate the radical interme-
diate: one is through oxidation of de-
protonated Bls that feature strong
reducing capacity in the ground state;
the other is through a reduction
pathway via acyl azolium intermediate
under cooperative NHC and photore-

dox catalytic conditions (Figure 1Aii).>”’

The nice work by Yan and co-workers in
this issue of Chem Catalysis realizes a
new strategy for the generation of
NHC-bound diradical intermediates by
facile thermal excitation of deproto-
nated mesoionic carbene Bls to
their triplet state,” allowing for a variety
of distal difunctionalization reactions
aldehydes that
hydro(deutero)defunctionalization, hy-
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of aryl include

drogenation, and reductive alkylation
transformations.”

The electronic properties of Bls and
BI”s derived from a series of NHCs
were initially investigated by imple-
mentation of density functional theory
(DFT) calculations. Intriguingly, a strik-
ingly small singlet-triplet gap as low as
4.0 kcal/mol was observed for meso-
jonic intermediates BlI™ and BI™* that
was bounded with a non-classical NHC
motif (Figure 1Bi)."° The low S/T energy
gap presumably arose from the consid-
erable repulsion effect between the
negative carbon and adjacent oxygen
in its singlet state. A triplet state of
BI™* was thereby readily accessible
from BI™ under thermal conditions
without photoexcitation. By consider-
ation of this distinct property, a strategy
allowing for distal difunctionalization of
aldehydes was rationally proposed to
afford key biradical intermediates
(BR*) upon elimination of the leaving
group on the aryl moiety of species
BI™* (Figure 1Bii) that was readily
formed through its triplet state form un-
der mild conditions.

The envisioned catalytic strategy by
harnessing the biradical reactive inter-
mediate from the triplet state of BI™
was first successfully employed in the
reductive defunctionalization of sulfo-
nyl benzaldehydes (Figure 1Ci). Non-
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classical triazolium salt pre-NHC A fea-
tures superior activity in this reaction.'®
Meanwhile, tBuOK as the base was
pivotal to giving the free carbene cata-
lyst and deprotonated Breslow inter-
mediate in high efficiency. Alcohol was
utilized to trap the eventually produced
acyl azolium ions to afford the corre-
sponding benzoate products. The
developed redox-neutral hydrodefunc-
tionalization and esterification pro-
cesses show a broad scope under
optimal conditions. A wide range of pri-
mary and secondary alcohols, as well as
thiols, proceeded smoothly to furnish
the desired products (e.g., 2a-2c).
Notably, deuterated products were
readily afforded when CH3;OD or
CD3;OD was employed as the respec-
tive nucleophiles (e.g., 2d). Noteworthy
is that sulfonyl groups in a more distal
site, such as substrate with biaryl moi-
ety, are also capable to give the desul-
fonylation products. Interestingly, in
addition to the sulfonyl units, esters
and fluorides are also feasible leaving
groups to give the deacetyl (2e) and de-
fluorination esters (2f), respectively,
providing an attractive protocol to
rapidly assemble the difluoromethyl-
containing aromatics.

The developed approach involving the
diradical intermediates through the
easily accessible triplet state of BlI™ ex-
hibits great potential in various chemi-
cal transformations (Figures 1Bii and
1Biii). For instance, aryl aldehydes with
azo functionality 3 were readily trans-
formed into hydrogenated hydrazine
products 4 in high yields under the

"Laboratory Breeding Base of Green Pesticide
and Agricultural Bioengineering, Key Laboratory
of Green Pesticide and Agricultural
Bioengineering, Ministry of Education, Guizhou
University, Huaxi District, Guiyang 550025, China

?Division of Chemistry & Biological Chemistry,
School of Physical & Mathematical Sciences,
Nanyang Technological University, Singapore
637371, Singapore

*Correspondence: wuxx@gzu.edu.cn (X.W.),
robinchi@ntu.edu.sg (Y.R.C))

https://doi.org/10.1016/j.checat.2022.11.002

Chem Catalysis 2, 3273-3289, December 15, 2022 © 2022 Elsevier Inc. 3275



mailto:wuxx@gzu.edu.cn
mailto:robinchi@ntu.edu.sg
https://doi.org/10.1016/j.checat.2022.11.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.checat.2022.11.002&domain=pdf

- ¢? CellPress

Chem Catalysis

A NHC organocatalysis Breslow and derived radical intermediate
0 OH intermediate 0 SET oxiation _ OH
| +@ . I x=H DL, - @ o
(i) JL.<— Ty < NHC + X o N T J\.(H)
i N~ X=H SET reduction N— limited progress +
.. widely explored AN (LG)or X=10) /+\< emerging field  +-°
B Overview of this study
i (i)
0 { N0 [,
N-N - - q—N -
kcal/mol '}l N Y ’}‘ ’N+
™ o - fb
e
LG BI™* BR* :
(Bl = Breslow Intermediate)
€ Distial difunctionalizations of aldehydes
(i 0 PF.~ (i
pre-NHC A 9 i N +6 i pre-NHC A
tBuOK N Ny DiPP~y~ "N -Dipp fBuOK
Nu—H | — Nu-H H’Y\
HID 2 MeO,C pre-NHC A
0] OxOMe
H
O
% o 0
NU OMe 23 71% 2¢: 37% 2d-Dy: 68% D H 4c: 32%
R =CH; (4a): 71% C: 527
SEt Zb 47% 48% D, 98% CD3 R Q) 3£ba)470/ from anthracene-9-carbaldehyde
0
OMe " OMe
{Bu —> H
H .
2e:21% OH 4d: 40%
(iii)
OMe pre-NHC A
- - F X _ tBuOK
MeO H | ‘
: 42% s0°C L _n 7:41%

Figure 1. Distal difunctionalization of aldehydes through the triplet state of deprotonated Breslow intermediate

(A) Overview of NHC organocatalysis.

(B) Theoretical study and concept of the reaction design.

(C) Representative scope of the distal difunctionalizations.

Bl, Breslow intermediate; BR, biradical; ZW, zwitterionic compound.

optimized condition by using methanol (4d). Another promising application of

as the proton source and nucleophiles
(Figure 1Cii). An interesting dearomati-
process observed for
anthracene-9-carbaldehyde

zation was

to give
ester product 4c in a modest yield of
32% using the catalytic method.
Furthermore, the conditions could be
employed in the reduction of the

4-benzoyl to a hydroxylbenzyl group

the diradical process is to explore the
C—C bond formations providing oppor-
tunities in the construction of molecular
In this context, Liu and
realized

complexity.

co-workers an impressive
hydro-arylation of alkenes 6 under
the NHC catalytic conditions with
4-iodobenzaldehyde 5 in the presence

of methanol at 90°C, affording the
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desired product 7 in 41% yield

(Figure 1Ciii).

In summary, this study by Yan and co-
workers reveals a low S/T gap of the
deprotonated Bls that renders low
activation energy of the adducts and
the viability for thermal excitation to
reach the triplet state of the mesoionic
carbene intermediates. In contrast to
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the photo-excited triplet species, the
currently developed NHC-bound bir-
adicals feature interesting reactivity to-
ward the tandem distal difunctionaliza-
tion of aryl aldehydes. This study
adds valuable understandings to new
NHC-bound
and their
transformations via this and similar
radical pathways enabled by NHC
catalysis can be expected with further

radical  intermediates

reactivities. Uncommon

development.
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Metallene pre-catalyst reconstruction
for boosting catalytic performance

Jiali Wang' and Hao Ming Chen'.#:3*

In this issue of Chem Catalysis, Xu and Zhu's group report the syn-
thesis of novel few-atom-layer stanene quantum dots (Sn-ene
QDs) via self-reconstruction of monolayer pre-catalyst, which de-
livers outstanding performances in CO, electroreduction. This
research brings promising synthesis strategies of metallene QDs
for promoting the industrialization prospect of CO,-to-chemicals

conversion.

Efficiently converting carbon dioxide
(CO,) into value-added fuels and chem-
icals is essential to address climate
change and rising global energy de-
mand." Electrochemical CO; reduction
reaction (CO2RR) presents a promising
approach, because it is capable of uti-
lizing intermittent renewable energy
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sources to power CO, conversion elec-
trolyzers with the generation of carbon-
neutral products in an environmentally
friendly way.” For commercial-scale
applications of CO,RR, however, the
conversion efficiency and product
selectivity toward target products
must be greatly enhanced, which is

strongly dependent on proficient elec-
trocatalysts. Therefore, recent research
has mainly focused on revealing the
catalyst fate during CO2RR to provide
effective guidelines for the newly
electrocatalyst design.

Thanks to advanced characterization
methods, in situ dynamic analysis on
electrocatalysts under working condi-
tions has become accessible.> Gener-
ally speaking, understanding of the
realistic reactive surface structures and
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