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Dear Readers,

Sadly, we are all in lockdown, and as much as I am 
 enjoying spending some time with my family, I must 
admit that working from home for me is not as pro-
ductive as being in my office. I am glad for all the 
colleagues who are tweeting about how productive 
they are while working from home, and frankly I am 
also a bit jealous of their efficiency and capacity to 
concentrate. To be honest, I have no excuses, as my 
children are grown-ups and the main distraction is my 
cat Zorro, who occasionally jumps on the laptop look-
ing for cuddles, but the truth is simply that I have too 
many thoughts, too many worries, too many questions 
on how the future might be after this unprecedented 
epidemic. How the hell is one supposed to work in 
a  situation like this??? Kudos to you, my productive 
friends and colleagues, but I am struggling, I am dis-
tracted, I am just totally out of focus. I am just glad that 
I managed to write something in this editorial, because 
10 minutes ago my brain was in a situation of high va-
cuum. Luckily, there is some consolation in SYNFORM 
and some very exciting science that brightens up these 
bleak days a bit. We start with a Young Career Focus 
interview with the brilliant organic electrochemist 
Kevin Lam (UK), followed by Q. Wang (P.R. China) and 
his clever and selective strategy to perform deutera-
tion of the aldehyde CHO function. The next article 
comes again from P. R. of China and specifically from 
the group of G. Yin, with a very original Ni-catalyzed 
version of the Suzuki–Miyaura cross-coupling. The last 
article comes from the place where I have been work-
ing recently – which is completely unprecedented in 
the history of SYNFORM – and is a contribution from 
the groups of A. Malkov and B. Buckley (UK) with their 
elegant electrochemical β-hydrocarboxylation of sub-
stituted olefins.

Enjoy your reading, my friends, and stay safe and 
healthy!!! 
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INTERVIEW

SYNFORM  What is the focus of your current research 
activity?

Dr. K. Lam  Our current research is centred around the stu
dy of electron transfers across the fields. We are a curiosity-
driven research group and as a consequence, we perform re
search in fields that might seem to be completely unrelated at 
first sight (Scheme 1). For instance, we have been using elec
trochemistry in materials chemistry for surface modification, 
in organometallic chemistry for the elucidation of complex 
redox mechanisms, in organic synthesis for the preparation 
of highly reactive intermediates and more recently even in 
 medicinal chemistry!

SYNFORM  When did you get interested in synthesis?

Dr. K. Lam  I developed an interest in organic chemistry 
during my first year at the Université Catholique de Louvain 
in Belgium where we were taught synthesis by my friend and 
mentor, Prof. István Markó who has passed away recently. He 
was a fantastic lecturer who taught us organic chemistry the 
‘old way’ using a blackboard and chalk without ever relying 
on any notes! This is when I became fascinated with organic 
synthesis that is both a science and an art!

SYNFORM  What do you think about the modern role and 
prospects of organic synthesis?

Dr. K. Lam  Organic synthesis is everywhere, it might not 
always be visible, but it is literally taking part, in the back
ground sometimes, in projects across the fields from biochem-
istry where one has to prepare specific peptides to materials 
chemistry where researchers need to synthesise new mole
cules to tune the physical properties of their new materials. 
Organic synthesis has definitely a bright future!

Young Career Focus: Dr. Kevin Lam (University of Greenwich, UK)

Background and Purpose. SYNFORM regularly meets young up-and-coming researchers who are  
performing exceptionally well in the arena of organic chemistry and related fields of research, in order to  
introduce them to the readership. This Young Career Focus presents Dr. Kevin Lam (University of Greenwich, UK).

Biographical Sketch

In 2010, Kevin Lam received his 
PhD in Medicinal and Synthetic Or-
ganic Chemistry from the Catholic 
University of Louvain in Belgium, 
under the supervision of Profes-
sor István Markó. His doctoral 
work  explored the use of electro-
chemistry and photochemistry 
as green alternatives to activate 
organ ic molecules. This work re-
sulted in the development of a new 
radical-based deoxygenation reac-
tion (the  Markó–Lam reaction).

After his PhD, he moved to the University of Vermont 
(UVM, USA). His research focused on applying analytical/phy-
sical electrochemistry alongside spectroscopy to study the 
complex redox behaviour of organometallic compounds.

This work bolstered the use of weakly coordinating elec-
trolytes/solvents as an electrochemical medium to allow for 
the generation and characterisation of highly reactive and 
unstable 17e– organometallic radical cations. Additional work 
at UVM led to the pioneering of a new method to modify 
electrode surfaces through an ethynyl linkage. The covalent 
attachment of molecules to an electrode surface is funda-
mental to the field of molecular electronics and numerous 
materials applications.

In 2013, he accepted a position of Assistant Professor 
at Nazarbayev University in Astana (Kazakhstan). During his 
time there, Kevin developed a new research program in the 
field of Molecular Electrochemistry. His work led to the de-
velopment of new organometallic anticancer compounds as 
well as to the discovery of novel, efficient and green electro-
catalysts for CO2 recycling.

In 2017, Kevin accepted an Associate Professor position 
in Medicinal Chemistry at the University of Greenwich (UK) 
where he continues his interdisciplinary research.

Dr. K. Lam
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SYNFORM  Could you tell us more about your group’s 
areas of research and your aims?

Dr. K. Lam  As mentioned earlier, we have a broad area of 
research with a special focus on organic and organometallic 
electrosynthesis. Readers might be surprised to learn that this 
is an extremely old discipline. Indeed, the first organic elec-
trosynthesis was conducted by Faraday himself! We are using 
electrochemistry not only as a way to generate highly reactive 
organic intermediates (carbanion, carbocations, radicals, car
benes, etc.) but also as a unique approach to study electron 
transfers in organic molecules and to shed light on reaction 
mechanisms.

Our main goal is to demonstrate the use of electrochem
istry in organic chemistry by making synthetic chemists’ lives 
easier and showing them how toxic and expensive reagents 
could be replaced by the cheapest and the greenest source of 
electrons available to date: electricity itself!

SYNFORM  What is your most important scientific 
achieve ment to date and why?

Dr. K. Lam  My major achievement is probably the fact that 
people named, much to my surprise, a reaction after István 
and me! The ‘Markó–Lam deoxygenation’ (Scheme 2) and at 
the same time, this is a great tribute to the fantastic chemist 
that István was.

A69

Scheme 1 The Lam research group’s areas of interest

Scheme 2 The Markó–Lam deoxygenation
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In recent years, interest in the incorporation of deuterium 
atoms into patented drugs and drug candidates to en hance 
 their metabolism and pharmacokinetic properties has bur  - 

ge oned. “In 2017, the US Food and Drug Administration ap-
provedthefirstdeuterateddrug,deutetrabenazine(Austedo), 
and the increasing demand for new deuterium-labeled drugs 

A70

Formyl-Selective Deuteration of Aldehydes with D2O via Synergistic 
Organic and Photoredox Catalysis

Chem. Sci. 2020, 11, 1026–1031

Scheme 1  Strategies for synthesizing deuterated aldehydes. A) Previous methods to produce formyl-deuterated aldehydes through 
FG transformation. B) Hydrogen isotope exchange (HIE) to produce deuterated aldehydes. C) Hypothesis for the proposed deutera-
tion. D) This work.
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has motivated the development of efficient deuteration 
methods,” said Professor Qingmin Wang, from the State Key 
Laboratory of Elemento-Organic Chemistry, College of Che-
mistry,NankaiUniversity(P.R.ofChina).

“Thedevelopmentof an efficientprotocol for construct
ing formyl-deuterated aromatic aldehydes can be expected to 
increase the availability of deuterated lead compounds,” said 
Professor Wang. Aromatic aldehydes selectively labeled at the 
formylpositionaretraditionallyproducedfrom(1)thecorre
sponding esters by means of reduction with LiAlD4 followed 
byoxidation,(2)fromthecorrespondingamidesbyreaction
withdeuteratedSchwartz’sreagent,(3)fromarylhalidesvia
Pd/Rhcocatalyzed reductive carbonylation or (4) from car-
boxylicacidsviadeoxygenativedeuteration(Scheme1A, for
referencesseetheoriginalpaper).AfewprotocolsforIrand
Rucatalyzedhydrogen isotopeexchange(HIE)at the formyl
moiety have been reported, although there is an intrinsic dif-
ficulty in controlling the reactivity of aryl ringmoiety and
formylmoiety(Scheme1B).Recently,MacMillan’sgroupre-
porteddirectHIEatαaminoC(sp3)–Hbondsviaapathway
involving abstraction of a deuterium atom from a deuterium-
labeledthiolcatalystbyanαaminoradical.“Wehypothesized
that generation of acyl radicals from aldehydes by a hydrogen 
atomtransfer(HAT)photocatalystinthepresenceofD2O and 
a thiol catalyst would produce deuterated aldehydes,” said co-
author Dr. Jianyang Dong. 

Professor Wang continued: “Decatungstate anion 
([W10O32]4–),anefficientHATphotocatalyst,hasbonddissocia
tionenergies(BDE)ofupto100kcalmol–1(forcyclohexane).

To our knowledge, visible-light polyoxometalate-facilitated 
HAT has not previously been synergistically merged with
thiolcatalysis.BecausealdehydeshaverelativelylowBDEs(94
kcal mol–1),weenvisionedthatsuchacombinationofcatalytic
processeswouldaffordaccesstoaconsiderablevarietyofacyl
radicals and deuterated aldehydes from abundant aldehyde 
feedstocks(Scheme1C).Moreover,owingtothegapsbetween
theBDEsofC(=O)Hbonds(94kcalmol–1),arylC–Hbonds(113
kcal mol–1),andS–Hbonds(80–88kcalmol–1),decatungstate
anion would be unable to abstract a hydrogen atom from the 
arylC–Hbond,allowingustoachieveformyllabelingwithout
theformationofaryllabeledbyproducts(Scheme1C).”The
group recognized that the choiceof a suitable thiol catalyst
wouldbeheavilyinfluencedbythermodynamicfactors,par-
ticularlytheBDEofthethiolbondrelativetothatoftheacyl
C–Hbond,aswellasitspKa relative to that of water. 

ProfessorWangemphasizedthatthisgeneralstrategyfor
formyl-selective deuteration of aldehydes with D2O mediated 
by the synergistic combination of light-driven, polyoxometal-
atefacilitatedHAT and thiol catalysis has a broad substrate
scope, excellent functional group tolerance and selectivity 
(Scheme1D).“Weprovidedapracticalmethodforlatestage
modification of synthetic intermediates in medicinal che-
mistry and for generating libraries of deuterated compounds 
(Figure1).Wehope that thismethodcanhelp thedevelop-
ment of novel deuterium-labeled drugs,” concluded Professor 
Wang.

A71

Figure 1  Structurally complex deuterated aldehydes prepared by using the alkylation protocol
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Qingmin Wang is currently a pro-
fessor at the State Key Laboratory of 
Elemento-Organic Chemistry, Nankai 
University (P. R. of China). He ob-
tain ed  his B.Sc. (1994) from Lanzhou 
University (P. R. of China) and Ph.D. 
(2000) from Nankai University un-
der the supervision of Prof. Runqiu 
Huang. His research interests mainly 
focus on the isolation, total synthesis, 
structural optimization, and bioactiv-
ity research of natural products and 

the design, synthesis, and structure–activity relationships of 
pesticides and drugs.

Jianyang Dong obtained his B.S. 
(2016) under the supervision of Prof. 
Jianhan Huang at Central South Uni-
versity (P. R. of China). He then pursed 
a Master‘s degree in 2016 under the 
supervision of Prof. Qingmin Wang 
at Nankai University (P. R. of China) 
and in 2018 he began his PhD studies. 
His research focuses on photoredox-
catal yzed radical chemistry.

Xiaochen Wang obtained her B.Sc. 
(2017) at Changchun University of 
Science and Technology (P. R. of 
China). She then started her M.Sc. 
studies under the superision of Prof. 
Qingmin Wang at Nankai University 
(P. R. of China) in 2018. Her research 
focuses on photoredox-catalyzed ra-
dical chemistry.

Zhen Wang obtained his B.Sc. (2017) 
under the supervision of Prof.  Kunxian 
Shu at Chongqing University of Posts 
and Telecommunications (P. R. of 
 China) before starting his current 
M.Sc. studies under the supervision 
of Prof. Qingmin Wang at Nankai Uni-
versity (P. R. of China). His research 
focuses on photoredox-catalyzed ra-
dical chemistry.

Hongjian Song obtained his B.S. in 
2008 at Qufu Normal University (P. R. 
of China). He then obtained his M.S. 
(2011) and Ph.D. (2014) under the 
supervison of Prof. Qingmin Wang at 
Nankai University (P. R. of China), ma-
joring in organic chemistry. Currently 
he is a lecturer at Nankai University. 
His research focuses on natural pesti-
cide discovery.

Yuxiu Liu obtained her B.Sc. (1994), 
Master‘s (1997) and Ph.D. (2003) 
from Nankai University (P. R. of Chi-
na). She is currently an associate pro-
fessor at the State Key Laboratory of 
Elemento-Organic Chemistry,  Nankai 
University. Her research interests 
mainly focus on the isolation, total 
synthesis, structural optimization, 
and bioactivity research of natural 
products.

About the authors

Prof. Q. Wang

J. Dong

X. Wang

Z. Wang

Dr. H. Song

Prof. Y. Liu
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Metal-catalyzed cross-coupling reactions have revolutionized 
carbon–carbon bond disconnections in synthetic chemistry. In 
this context, β-hydrogen-containing sp3-carbon electro philes 
are generally recognized to be more challenging than their 
sp2-carbon analogues owing to the possibility of β-hydride eli-
mination taking place as side reaction. During the past sever-
al decades, extensive efforts have been devoted to avoiding 
β-hydride elimination and constructing chemical bonds at the 
sp3-carbon through metal-catalyzed cross-coupling. Recently, 
migratory cross-coupling reactions have been emerging as a 
new research field, as these reactions allow the generation of 
products through an iterative migratory insertion/β-H elimi-

nation process (Scheme 1). The net result of this process is the 
controlled functionalization of a carbon atom different from 
the one originally carrying the metal.

Since the group of Professor Yin (Wuhan University, P. R. 
of China) began their research in this field in 2017, they have 
been committed to expanding the scope of migratory cross-
coupling reactions and have conducted an in-depth study on 
the mechanism of these reactions. The migratory Suzuki– 
Miyaura cross-coupling represents the latest progress of the 
Yin group in this field. Electrophilic alkyl reagents (including 
alkyl chlorides, bromides, iodides and tosylates) have given 
satisfactory results (Figure 1a) when engaged in the reaction. 

A73

Reaction Scope and Mechanistic Insights of Nickel-Catalyzed  
Migratory Suzuki–Miyaura Cross-Coupling

Nat. Commun. 2020, DOI: 10.1038/s41467-019-14016-1

Scheme 1  Nickel-catalyzed migratory cross-coupling

Figure 1  Scope of the reaction
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Professor Yin explained: “Our method offers a protocol to ra-
pidly access diarylalkanes and allylbenzenes from a series of 
aryl/vinyl-bearing alkyl electrophiles and sp2-C boron-based 
nucleophiles. This approach is characterized by a broad subs-
trate scope and excellent migratory regioselectivity. Interest-
ingly, this strategy can serve as a platform for the synthesis of 
terminal, partially deuterium-labeled molecules from readily 
accessible starting materials (Figure 1b). These kinds of com-
pounds are difficult to obtain by common synthetic methods.”

Professor Yin’s group has studied the reaction mechanism 
by a combination of experimentation and calculation. Expe-
rimental studies suggest that migratory cross-coupling pro-
ducts are generated from a Ni(0/II) catalytic cycle. Theoretical 

calculations indicate that the chain-walking occurs at a neu-
tral nickel complex rather than at a cationic one. Interestingly, 
Professor Yin and co-workers found that the classical  Suzuki–
Miyaura coupling reaction and the migratory Suzuki– Miyaura 
coupling reaction proceed through distinctly different path-
ways. “We believe that the study of the reaction mechanism 
will help us in understanding the reaction process and is of 
great significance to further expanding the scope of this parti-
cular migration reaction,” remarked the authors.

Professor Yin concluded by mentioning some future pro-
spects: “Our research group will continue to carry out research 
in this field and develop more practical synthesis methods.”

A74

Prof. Guoyin Yin received his Ph.D. 
from Shanghai Institute of Organic 
Chemistry (SIOC), Chinese Academy 
of Sciences (CAS, P. R. of China) in 
2011, under the supervision of Prof. 
Guosheng Liu. Starting in late 2011, 
he conducted postdoctoral research 
at Technical University of Munich 
(Germany) with Prof. Thorsten Bach 
as an Alexander von Humboldt Post-
doctoral Fellow, at RWTH Aachen Uni-
versity (Germany) with Prof. Franziska 

Schoenebeck, and at the University of Delaware (USA) with Prof. 
Donald A. Watson. In 2016, he began his independent career 
at the Institute for Advanced Studies (IAS) of Wuhan University   
(P. R. of China). His research interest currently focuses on trans-
formations involving metal migration.

Prof. Y. Lan completed his Ph.D. in 
2008 at Peking University (P. R. of 
 China) under the supervision of Pro-
fessor Yun-Dong Wu. From 2009 to 
2012, he worked as a postdoctoral 
fellow at the University of California, 
Los Angeles (USA) with Professor   
K. N. Houk. He then joined the fa-
culty of Chongqing University (P. R. 
of  China). In 2016, he received the 
 Chinese Chemical Society Award for 
Outstanding Young Chemist. His cur-

rent research interest focuses on the mechanism and selectivity 
of transition-metal-mediated coupling reactions with DFT cal-
culations.

Yuqiang Li was born in Anhui Province 
(P. R. of China) and received his B.Sc. 
degree from Central South University 
in 2016. Subsequently, he pursued 
his Ph.D. under the guidance of Prof. 
Guoyin Yin at Wuhan University (P. R. 
of China). His research topic focuses 
on cross-coupling reactions involving 
metal migration.

Yixin Luo received her BS degree at 
Chongqing Normal University (P. R. of 
China) in 2016. Currently, she is pur-
suing her PhD under the supervision 
of Prof. Yu Lan at Chongqing Univer-
sity. Her current research interests 
are focused on the mechanistic study 
of transition-metal-catalyzed cross- 
coupling reactions.

About the authors

Prof. G. Yin

Prof. Y. Lan

Y. Li

Y. Luo
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The carboxylate moiety is prevalent in nature, and a wide 
 range of biologically active drugs and bioactive compounds 
are carboxylic acids or derivatives. However, the incorpor ation 
of a carboxylic function in a selective manner, from low- value 
materials such as alkenes, remains a significant challenge 
for organic chemists. In particular, sustainable and straight-
forward methods for selective carboxylation are under-
developed. Dr. Benjamin Buckley, Professor Andrei Malkov 
and team from Loughborough University (UK) have recently 
reported a new electrosynthetic approach to the selective 
β-hydrocarboxylation of alkenes with inexpensive and abund-
ant carbon dioxide, thus avoiding the use of toxic, flammable 
carbon monoxide that is the current reagent of choice for this 
purpose. The reported method allows direct access to carbox-
ylic acids derived from terminal, di-, tri-, and tetra-substi-
tuted alkenes, in a highly regioselective manner. Interestingly, 
the authors observed a selectivity which is opposite to that 
reported utilizing transition-metal complexes1 and comple-
mentary to the photochemical approaches reported to date.2 

Dr. Buckley noted: “There are a number of electrochemi-
cal processes reported that allow for CO2 incorporation into 
organic molecules. In the majority of cases, these rely on a 
sacrificial electrode – such as magnesium – and this presents 
several difficulties, including the limited sustainability of the 
approach, the challenges in translation to industrial applica-
tions and implementation of continuous processes.” 

After reporting the use of a sacrificial electrode system 
for the formation of cyclic carbonates from epoxides and oxe-
tanes, the team set themselves the target of developing a non-
sacrificial electrochemical system in which they could utilize 
CO2.3 “This was inspired by our unpublished findings on the 
nature of a precipitate that we observed during the original cy-
c lic carbonate reaction,” explained Dr. Buckley. He con tinued: 
“Depending on the sacrificial electrode em ployed, we could 
isolate oxalic acid (after acidic work-up) and this now be came 
really interesting from a C–C bond-forming point of view. Our 
interest increased even further following the publi cation of a 
paper by Bouwman and co-workers highlighting the impor-
t ance of catalysts for oxalate synthesis.4” Prof.  Malkov,  Dr. 
 Buckley and co-workers eventually found that this was not a 
unique process, as there was a precedent reported more than 
two decades before by Vasil’ev, although at much higher tem-

perature and pressure. In that interesting paper, the authors 
also added ethylene and observed C–C bond formation.5 “We 
adapted our process and added styrene, which provided good 
yields of dicarboxylation across the double bond, similar to 
that reported by Duñach,6” said Dr. Buckley. From that point, 
the team implemented a regime to replace the sacrificial elec-
trode, finally settling on a system that contained two carbon 
electrodes, tetraethylammonium iodide as electrolyte, and 
triethanolamine as a proton source with CO2 at ambient pres-
sure (Scheme 1A). Dr. Buckley remarked: “Surprisingly, under 
these conditions, we observed mono-carboxylation at the 
β-carbon of styrene, and not dicarboxyl ation. On further in-
vestigation we found that triethanolamine is essential for se-
lectivity and a recent report has highlighted triethanolamine’s 
non-innocent role in activating CO2. Exciting ly, further sub-
strate screening revealed that our system works well for sub-
strates that previously were challenging for metal-catalyzed 
and photochemical ap proaches. For example, we could suc-
cessfully carboxylate stilbenes, tri- and tetra-substituted 
 alkenes (Scheme 1B). This  gives unprecedented access to all-
carbon quaternary carbox ylic acids, which are also challen-
ging to prepare using the traditional metal-catalyzed carbon-
ylation processes.7” 

Delineating the mechanism of these reactions is somewhat 
challenging given the similar reduction potentials of alkenes 
and CO2 (Scheme 1C). Dr. Buckley said: “Collaboration with 
the Wright group enabled cyclic voltammetric analysis of the 
reaction process indicating formation of the radical anion of 
the alkene as a preferred approach, indeed we also observed 
the ring opening of a cyclopropane-derived alkene, suggesting 
the formation of a radical at the benzylic position. However, 
further studies in this area are required to fully understand 
the process.”

Dr. Buckley concluded: “We are currently examining the 
potential of this approach to a wide variety of carboxylation 
chemistries and expect this to inspire many other electrosyn-
thetic approaches that will no longer need to rely on a sacrifi-
cial electrode approach.”
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Harnessing Applied Potential: Selective β-Hydrocarboxylation of 
Substituted Olefins 
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Scheme 1  (A) General approach to the hydrocarboxylation process. (B) Example products from the process. (C) Postulated routes 
towards the mono-carboxylated products. 
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