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Dear Readers,

I hope you all managed to have some holidays – or at 
least some rest – despite the unsettling and unprece-
dented summer we have been living this year. I bet that 
most of us have re-discovered places which are not too 
far from home, and have travelled less, which is not 
necessarily a bad thing. In case you decided to give up 
on holidays entirely, I hope this new issue of SYNFORM 
will bring you at least a quantum of solace, to quote 
Ian Fleming’s secret agent… We start with a Young 
Career Focus interview with I. Vilotijevic (Ger many) 
who discusses his career aims and achievements so 
far, as well as his views on the art of organic synthesis. 
Another interview comes next, this time with the new 
Editorial Board Member of Organic Materials, Profes-
sor Xiaozhang Zhu (P. R. of China). The first Literature 
Coverage article covers the work of D. Hayrapetyan and 
A. Y. Khalimon (Kazakhstan) who recently published a 
clever new methodology for performing the one-pot 
conversion of nitriles into aldimines. Last but not least, 
the work of W. Qu (U.S.A.) with a ground-breaking 
radiolabelling strategy for preparing 11C-labelled PET 
tracers via desilylation of organosilanes.

Stay safe and enjoy your reading!!
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INTERVIEW

SYNFORM  What is the focus of your current research 
activity?

Prof. Dr. I. Vilotijević  We focus on discovering new and 
improving the existing patterns of reactivity of organic mole
cules and use this as a foundation for the development of trans
formations that will meet the needs of the modern  society in 
biomedical fields, address the environmental challenges re
lated to energy and sustainability and push the limits of what 
is possible in organic synthesis. The main research activities 
in the group are in the areas of Lewis base catalysis and or
ganophosphorus chemistry. These core projects are grounded 
in the fundamental aspects of organic chemistry and guided 
by sheer scientific curiosity, but they are often inspired and 
directed by the needs of medicinal chemistry, pharmaceutical, 
and biomedical research.

SYNFORM  When did you get interested in synthesis?

Prof. Dr. I. Vilotijević  I have always had an inclination to
wards natural sciences and I realized early on that chemistry, 
as the central natural science, was the one that satisfies my 
natural curiosity the most (and easily connects to all other 
natural sciences). My decision to become a chemist evolved 
 during participation in the programs at Petnica Science Cen
ter, a unique independent institution for extracurricular, for
mal and informal, science education of high school students. 
As an undergraduate student, I was drawn to synthesis be
cause of its proactive nature and the opportunity it gives to 
create, change and manipulate molecules. Working as an un
dergraduate research intern at OSU and UIUC introduced me 
to research in organic synthesis and set me on a path to be
coming a synthetic organic chemist. Throughout my time as a 
graduate student at MIT and a postdoc at Max Planck Institute, 
I remained determined to pursue an independent  academic 

Young Career Focus: Prof. Dr. Ivan Vilotijević 
(Friedrich Schiller University Jena, Germany)

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 Prof. Dr. Ivan Vilotijević (Friedrich Schiller 
University Jena, Germany).

Biographical Sketch

Ivan Vilotijević was born and 
raised in Serbia. He studied chem-
istry at the University of Belgrade  
(Serbia), Ohio State University 
(USA) and the University of Illinois 
at Urbana-Champaign (USA), and 
learned the ropes of scientific re-
search with Prof. Leo Paquette and 
Prof. David Gin. He earned his Ph.D. 
in organic chemistry from Massa-
chusetts Institute of Technology
(USA) in 2010 where he developed 

endo-selective epoxide-opening cascade reactions for the 
synthesis of ladder polyether natural products with Prof. Tim 
Jamison. He then moved to Max Planck Institute of Colloids 
and Interfaces (Germany) as a Marie Curie postdoctoral fel-
low with a focus on synthesis, biological and biophysical stu-
dies of complex GPI glycolipids in the Biomolecular Systems 
department led by Prof. Peter Seeberger. In 2015 he joined 
the faculty at Friedrich Schiller University Jena (Germany) as 
an assistant professor where his group works on the design, 
discovery, and development of novel (catalytic) methods for 
synthesis of organic molecules.

Prof. Dr. I. Vilotijević
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career as a synthetic chemist. During this time, I have worked 
on projects close to biological and biophysical fields, which 
only strengthened my conviction that organic synthesis will 
remain an integral part of any interdisciplinary effort in 
 chemical sciences.

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

Prof. Dr. I. Vilotijević  The more you know, the more you 
know you don’t know. This easily applies to organic synthesis. 
I am sure that many synthetic chemists will agree with the 
previous statement, but organic chemistry as a mature field 
must communicate this to other disciplines to debunk the 
common “anything can be made easily” attitude. For those 
in the field, a better interpretation of this statement is “the 
more you know, the more questions you ask” and that means 
that there is plenty of progress to be made in the field. These 
questions can be adequately answered by fundamental re
search and I personally hope for a renaissance of basic organic 
chemistry research that will provide longterm benefits for 
the society. Only in this light will organic chemistry remain a 
lead ing discipline of scientific research. 

In applied organic synthesis, it is easy to see the ever   
in creasing need for more diverse and more complex organ ic  
molecules in virtually all branches of industry and research 
which is why organic synthesis is here to stay. The real 

 question is who will do organic synthesis in the future and 
how will it be done. I believe that we need to embrace new 
technologies like automation and artificial intelligence and 
use them as tools to solve scientific problems and gain further 
knowledge. The more diversity we have in the technical set
ups we use, the better! Finally, the environmental impact of 
organic synthesis and its sustainability will be central in any 
future synthetic efforts at scale.

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

Prof. Dr. I. Vilotijević  We are committed to discovering 
new patterns of reactivity that will enable practical and more 
sustainable synthetic methods. Most of our efforts are in or
ganocatalysis and in making bridges between main group 
chemistry and organic synthesis. Our focus on studying the 
underexplored/underutilized intermediates in Lewis base 
 catalysis led our current research in two general directions: 
Lewis base catalysis and organophosphorus chemistry. In 
both fields, our approach is similar and based on a detailed 
analysis and understanding of the reaction mechanisms and 
the reactivity of intermediates. 

In the field of Lewis base catalysis, we have established 
the concept of latent nucleophiles where we start the reac
tion with capped molecules of diminished nucleophilicity 
and require the interdependent sequential activation of the 
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Scheme 1 The work of Vilotijević group in Lewis base catalysis and organophosphorus chemistry
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electrophile and the nucleophile (Scheme 1, a).1 Our studies 
have shown that this concept allows for a much broader scope 
and improved selectivities in Lewis base catalyzed enantio
selective allylations (Scheme 1, b).2 Furthermore, we are ex
ploring the reactivity of nontraditional frustrated Lewis pairs 
in the context of Lewis base catalysis. In this area, we have 
developed hydroboration and reduction protocols that involve 
vinylphosphonium intermediates (Scheme 1, c).3 Moving from 
the vinyl to arylphosphonium ions has resulted in the devel
opment of the C–H functionalization protocols which are the 
basis of the broader transitionmetalfree platform for func
tionalization and crosscoupling of Nheterocycles (Scheme 1, 
d).4 In the area of organophosphorus chemistry, we also focus 
on P(III)–P(V) cycling and the development of new phospho
ruscontaining functional materials and fluorophores.5 Lastly, 
we have a strong connection to biological research and colla
borative projects where our chemistry is used in the synthe
sis of natural products, biosynthetic intermediates and other 
bioactive molecules and probes for biological research.

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

Prof. Dr. I. Vilotijević  My group is very excited about the 
concept of latent (pro)nucleophiles which we have recently 
outlined and used to address the specific challenges in enan
tioselective Lewis base catalysis. Not only does this concept 
enable expanded scope for Lewis base catalyzed reactions, but 
it may also lead to improvements in other fields of catalysis in 
general and be applicable to transitionmetalcatalyzed reac
tions. With that said, I like to think that our most important 
scientific achievements are still ahead of us.

REFERENCES

(1) M. Lange, Y. Zi, I. Vilotijević Synlett 2020, submitted for 
publication.
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INTERVIEW

SYNFORM  Please comment on your role as a member of 
the Editorial Board of ORGANIC MATERIALS.

Prof. X. Zhu  Besides the daily work of processing the sub-
mitted papers, I normally spend much time on the invitation 
of high-quality original papers from those renowned scholars. 
I also use every possibility to advocate our journal.

SYNFORM  How do you describe the value of a journal 
such as ORGANIC MATERIALS to the chemistry community?

Prof. X. Zhu  The journal focuses on the publication of re-
views and original papers in the multidisciplinary subjects 
based on organic substances, which represents the tendency 
of science and technology in the current era and is expected 
to make a profound contribution to the development of the 
research field of organic materials.

SYNFORM  What is the focus of your current research 
activities?

Prof. X. Zhu  I am focused on the development of new or-
ganic conjugated materials based on quinoid-resonance effect 
for applications in organic optoelectronics such as organic 
photovoltaic and thermoelectric devices.

SYNFORM  You are a leading researcher with regard to 
organic materials chemistry. Could you tell us more about how 
important you perceive this particular topic to be?

Prof. X. Zhu  Compared with the traditional inorganic 
counterparts, organic optoelectronics exhibit great potential 
in the electronic market because of low cost, large-area fabri-
cation, and intrinsically high flexibility, which has attracted 
wide interests ranging from academic to industrial commu-
nities. Many obscure but interesting scientific problems and 
the expectation of promising commercial applications bring 
about the continuous prosperity of this field, which has lasted 
through the last several decades and will continue beyond.

Editorial Board Focus: Prof. Xiaozhang Zhu  
(Institute of Chemistry, Chinese Academy of Sciences, P. R. of China)

Background and Purpose. From time to time, SYNFORM portraits Thieme Chemistry Editorial Board or  
Editorial Advisory Board members who answer several questions regarding their research interests and  
revealing their impressions and views on the developments in organic chemistry as a general research field.  
This Editorial Board Focus presents Professor Xiaozhang Zhu [Institute of Chemistry, Chinese Academy of Sciences 
(ICCAS), P. R. of China] who joined the Editorial Board of ORGANIC MATERIALS with effect of July 2018.

Biographical Sketch

Xiaozhang Zhu was born in Au-
gust 1978 in Jiangsu Province, P. R. 
of China. He graduated from Jinlin 
University (P. R. of China) in 2001. 
He received his Ph.D. from Institute 
of Chemistry, Chinese Academy of 
Sciences (ICCAS, P. R. of China) in 
2006. He was successively assigned 
as an AvH (Alexander von Hum-
boldt Foundation) and a JSPS (the 
Japan Society for the Promotion 
of Science) Research Fellow at Ulm 

University (Germany) and the University of Tokyo (Japan), 
 respectively. Since 2012, he has been a Professor in ICCAS un-
der the support of the Chinese Recruitment Program of Glo-
bal Youth Experts. His research interests include design and 
synthesis of organic π-functional materials and their applica-
tions in organic optoelectronic devices. He has published over 
100 papers in refereed journals. He is one of the co-editors of 
Organic Materials (Thieme Publishing Group).

Prof. X. Zhu
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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, agro chemicals, etc. In this regard, catalytic reduc
tion of readi ly 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 roomtemperature 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 
precatalysts 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 benchstable and commer
cially available Co(acac)2 ligated with commercially available 
phosphines, i.e. PPh3 and bis[(2diphenylphosphino)phenyl] 
ether (dpephos)1,” said Professor Khalimon. He continued: 
“The Co(acac)2/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,2 the Co(acac)2/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,Ndiborylamines 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,Ndiborylamines have been developed only 
recently. “In 2012, our group reported the first examples of 
dihydroboration of nitriles with HBCat (Cat = catechol) using a 
Mo(IV) imido hydrido–chloride complex (2,6iPr2PhN=)Mo(H)
(Cl)(PMe3)3,3” explained Professor Khalimon. Although the 
turnover frequencies were low (TOF up to 1.7 h–1), this work 
constituted a valuable proof of principle. Professor Khalimon 
said: “In the same report, we demonstrated the first  example 
of reactivity of PhCH2N(BCat)2 with benzaldehyde to afford 
Nbenzylidenebenzylamine under mild conditions (r.t., 1 h). 
A similar transformation with PhCH2N(BPin)2 (Pin = pinacol) 
was disclosed by Szymczak and Geri in 2015;4 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 coworkers reported Rucatalyzed 
hydroboration of nitriles to Nborylimines and N,Ndiboryl
amines and their application in subsequent Pdcatalyzed 
crosscoupling reactions with aryl bromides.5 More recently, 
Baik, Trovitch and coworkers described the reactions of N,N
diborylamines with aromatic carboxylic acids at 120 °C to af
ford secondary carboxamides.6”

Inspired by these examples of reactivity of N,Ndiboryl
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,Nbis(pinacolboryl)amines, which 
can be used in situ for C–N bond construction reactions 
 (Scheme 1, A). “Rewardingly, the commercially available and 
benchstable Co(acac)2/dpephos system turned out to me
diate a variety of hydroboration reactions of nitriles under 
mild conditions, work ing equally well for substrates bearing 
electron withdrawing and electrondonating 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)2/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. 3phenylpropionitrile (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,Ndiborylcinnamylamine (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,Nbis(pinacolboryl)
amines could be converted in situ into a variety of aldimines. 
“This latter transformation works well for both aliphatic and 
aromatic N,Ndiborylamines 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). 

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 lim ited only by the chemoselectivity of the hydroboration 
step and the reactions can be performed selectively with the 
substrates bearing lactone, ester, carboxamide and unacti
v ated 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 
econom ical 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 nitrogencontaining organic molecules and 
expect more reports on reactivity of borylamines to appear in 
the research literature in the near future.”

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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Positron emission tomography (PET) is an important  imag ing 
modality for the non-invasive investigation of biochemical 
and molecular events in living organisms. Because of the 
 ubiquitous presence of carbon atoms in organic molecules, 
carbon-11 (11C, t1/2 = 20.4 min, Eβ+ = 1.98 MeV) labeled organic 
compounds with well-characterized biological and pharma-
cological properties (i.e., metabolism, drug pharmacokinetics, 
receptor binding affinity, enzyme substrate affinity, etc.) could 
be used for clinical and pre-clinical studies with much fewer 
hurdles, compared with compounds labeled with other radio-
isotopes (such as fluorine-18, iodine-123 and  bromine-76). 
In addition, the short half-life of 11C allows the performance 
of multiple studies on the same subject in a single site visit, 
which represents a great advantage in clinical studies. To 
produce the desired 11C-labeled compounds in high radio-
chemical and chemical purities, as well as with high mole-
cular activity, there is a still unmet demand to develop fast 
and reliable approaches for introducing 11C into molecules 
with diversified structures. Among them, the development of 
a new 11C-carboxylation approach for the direct use of [11C]
CO2 as radiosynthon would be especially attractive. Recently, 
Professor Wenhao Qu at Stony Brook University (USA) and 
his colleagues reported a general 11C-labeling strategy using 
a fluoride- mediated desilylation (FMDS) process to generate 

reactive nucleo philes for nucleophilic 11C-carboxylation and 
11C-methylation (Scheme 1, a). 

In early 2017, during the development of a protocol for 
preparing [11C]acetoacetic acid to support a clinical imaging 
study, Professor Qu and his colleagues occasionally noticed an 
unexpected amount of chemical impurities when they used 
an existing literature method for the lithium enolate 11C-car-
boxylation. “To circumvent this problem, we explored alterna-
tive methods and eventually identified conditions for enolate 
formation mediated by fluoride ion desilylation that could re-
present a milder and general [11C]CO2 incorporation method,” 
explained Professor Qu. He continued: “The optimal reaction 
conditions were obtained following careful and extensive 
modifications and this updated synthesis method led to the 
 formation of [11C]acetoacetic acid with good radiochemical 
and chemical purities, and also dramatically improved radio-
chemical yield in a similar production time frame  (Scheme 1, 
b).” 

This success triggered the group’s interest in employing 
this FMDS approach for 11C-carboxylation further, with diffe-
rent organosilanes as labeling precursors. “It turned out that 
a variety of organosilanes with trialkylsilyl group attached 
at sp-, sp2-, and sp3-carbon atoms could all afford the corres-
ponding 11C-carboxylic acids with fair to excellent yields,” 

A133

A General 11C-Labeling Approach Enabled by Fluoride-Mediated 
Desilylation of Organosilanes

Nat. Commun. 2020, DOI: 10.1038/s41467-020-15556-7

Scheme 1  Fluoride-mediated desilylation for (a) 11C-carboxylation and 11C-methylation of organic molecules and (b) FMDS 
11C-carbox ylation for synthesizing [11C]acetoacetic acid.
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remarked Professor Qu. He continued: “The presence of dif-
ferent reactivities among these organosilane substrates was 
readily explained by the pKa values of the conjugate acids of 
these anionic nucleophiles generated by the fluoride-desilyla-
tion. In addition, we also found that the newly formed 11C-car-
boxylic acids could be converted into the corresponding ester 
or  amide in a simple and fast manner (Figure 1, a).” 

Encouraged by the success of using the FMDS 11C-labeling 
strategy to afford various 11C-carboxylic acids, which was even 
more remarkable considering that previously many of them 
could be prepared only with difficulty, Professor Qu and his 
co-workers further extended their FMDS approach for 11C-
methylation. “We found that the [11C]CH3- group could be 
attached to specific positions (oxygen, sulfur, nitrogen and 
carbon atoms) of organic molecules through a FMDS 11C-
methylation process under very mild reaction conditions in a 
straightforward manner (Figure 1, b),” explained Professor Qu. 

Professor Qu commented: “This FMDS 11C-labeling 
 approach not only provides radiochemists with a fast and easy 
access to various 11C-carboxylic acids, but also presents itself 
as an ideal alternative for 11C-methylation of organic mole-
cules with attractive biological activities.” He concluded: “In 
the end, I expect that our group will apply this newly estab-
lished 11C-labeling approach to develop synthetic protocols for 
radiotracers of high clinical interest where regular production 
is very difficult using currently reported methods.”

Figure 1  Selected 11C-labeling examples and the radiochemical yields (RCYs, n = 3).
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