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Dear Readers,

The 2020 Journal Impact Factors – which track 2020 
citations for articles published in 2018 and 2019 – have 
just been released by Clarivate and there is a lot to 
celebrate this year for Thieme Chemistry, as the impact 
factor of SYNTHESIS has increased to 3.157 (which 
is an 18% increase, highest ever) whereas the impact 
factor of SYNLETT has reached 2.454 (namely, an 
outstanding 22% increase). We all know that a high 
impact factor does not equate to recognition, reputa
tion, prestige, or respect of a journal within the scien
tific community, which I believe have always been high 
for SYNTHESIS and SYNLETT, mainly thanks to the 
rigorous review process at our journals. Nonetheless, a 
high impact factor can be a powerful magnet for more 
submissions and in general – despite all of its contro
versial aspects and implications – it is undeniable that 
impact factors are directly or indirectly used by some 
governments, universities and agencies for evaluating 
the performance of researchers and institutions. For 
these reasons it would be hypocritical to claim that 
impact factors are unimportant, so this year’s increase 
for both our flagship journals is a really important and 
very welcome achievement, besides being testament 
to the great job done by our Editorial Boards and 
 Offices worldwide. Kudos to them! And what a better 
way to celebrate than going in full immersion with 
another exciting issue of SYNFORM!! The first article 
deals with the fascinating reactions of [1.1.1]propel lane 
with  aldehydes to give α-stereogenic bicyclo[1.1.1]
pentanes, as described in a recent Nat. Commun. paper 
by F. Duarte and E. A. Anderson (UK). The second 
article covers a recent Science paper by Y.F. Wang 
(P. R. of China) and K. N. Houk (USA) describing the 
chemoselective sequential C–F bond functionaliza
tions of trifluoroacetamides and trifluoroacetates via 
groundbreaking radical chemistry. The third article 

is a Young Career Focus interview with the upand
coming researcher A. Sukhorukov (Russian Federation), 
who talks with us about his broad research interests 
in organic chemistry. Last but not least, a Literature 
 Coverage article focussed on the exciting combination 
of photoredox and Nheterocyclic carbene (NHC) catal
ysis developed by A. Studer (Germany) for achieving 
ben zylic C–H acylation.

Enjoy your reading!!
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Bicyclo[1.1.1]pentanes (BCPs) have become highly attractive 
bioisosteres for para-substituted arenes and tert-butyl groups 
in medicinal chemistry, due to their advantageous pharmaco-
kinetic properties.1 However, the synthesis of BCPs featuring 
adjacent stereocentres has remained a significant  challenge –  
these motifs would correspond to α-stereogenic benzyl 
groups, which are again of high importance in drug design. 
The group of Professor Edward A. Anderson at the Universi-
ty of Oxford (UK) has been studying this area for some time. 
“At the start ing point of our work, just two catalytic meth-
ods2,3 had been reported to install an α-stereocentre on a 
pre- formed BCP,” said Professor Anderson. The group realised 
that an alterna tive and very attractive approach to this pro-
blem would be the direct formation of a stereogenic centre 
upon ring-opening of [1.1.1]propellane, the smallest tricyclic 
hydro carbon and the ubiquitous precursor to BCPs. “De spite 
de cades of work on ring-opening reactions of [1.1.1]pro-
pellane, no such direct asymmetric addition process had been 
 described. The symmetry of this fascinating cage molecule 
renders an asymme tric ring opening all the more challen-
ging,” explained Professor Anderson. He went on: “From our 
previous work, we knew that radical-based additions proceed 
in high yields and under mild conditions;4,5 however, the field 
of catalytic asymmetric radical reactions as a whole is rather 
underdeveloped and in early studies, PhD student Marie Wong 
indeed found that  previous asymmetric radical chemistries 
failed when faced with [1.1.1]propellane. Nonetheless, we 
were aware of the pioneering work of the MacMillan group on 
asymmetric alkylations of aldehydes with styrenes as radical 
acceptors,6 which used a three-component catalytic system 
comprising an organocatalyst (typically a Hayashi–Jørgensen 
diarylpro linol derivative), a photoredox catalyst (an iridium 
complex), and a hydrogen-atom-transfer catalyst (HAT catal-
yst, typically a thiol). The key question for Marie,” continued 
Professor  Anderson, “was whether these three catalysts could 
successfully operate on [1.1.1]propellane, as a number of side 
reactions could be envisaged, such as polymerization of the 
propellane, or its direct reaction with the thiol HAT catalyst.”

Marie undertook a comprehensive screen of reaction con-
ditions, including variations of all three catalysts, reactant 
equivalents, solvent and concentration, temperature and re-
action time, and even LED lamp. Professor Anderson revealed 

that Marie made some curious discoveries: the enantioselec-
tivity of the reaction appeared critically dependent not only 
on the nature of the chiral organocatalyst, but also, surprising-
ly, on the photocatalyst and the HAT catalyst. “As we initially 
believed the latter two would not be directly involved in the 
enantiodetermining step – namely, the ring opening of [1.1.1]
propellane – we were intrigued to understand more about the 
origin (or origins) of stereoinduction,” Professor Anderson re-
marked. He went on: “Irrespective of this, we were delighted 
to find that the reaction could be applied to a wide range of 
aldehydes, tolerating many functional groups and significant 
steric hindrance adjacent to the alkylation site. These pro-
ducts are easily transformed into other useful BCP-containing 
building blocks.”

Working with Professor Fernanda Duarte (University of 
Oxford, UK), PhD student Alistair Sterling had already been 
 establishing a theoretical reaction pathway for this asymme-
tric bicyclopentylation chemistry, and now took on the chal-
lenge to explain these phenomena. Professor Fernanda Duarte 
explained: “Alistair uncovered several key findings: firstly, 
that the enantioselectivity of the reaction derives not only 
from steric blocking of one face of the intermediate iminyl ra-
dical cation A (see Scheme 1) by the organocatalyst sidechain, 
but also from stabilizing non-covalent interactions between 
its trifluoromethyl groups and the aldehyde sidechain (B). 
This explained the importance of the organocatalyst substi-
tuents (C); and secondly, that the interconversion of the E and 
Z iminyl radical cations A, formed from oxidation of the cor-
responding enamines, had a higher energy barrier than their 
addition to propellane. Therefore, the population of these 
diastereomeric radical cations could also influence enantio-
selectivity. As this population is decided by the relative rates 
of oxidation of the enamine precursors, this explains why the 
photoredox catalyst could influence enantioselectivity, as the 
enamine stereoisomers could certainly possess different oxi-
dation potentials.”

Professor Anderson concluded: “Overall, this chemistry 
should provide an efficient and general way to synthesize 
 valuable α-chiral bicyclopentanes for medicinal chemistry re-
search. Our groups are keen to continue exploring both the ex-
perimental and theoretical consequences of the concepts we 
have developed, which we hope should extend beyond BCPs.”

A126

Direct Catalytic Asymmetric Synthesis of α-Chiral  
Bicyclo[1.1.1]pentanes

Nat. Commun. 2021, 12, 1644; https://doi.org/10.1038/s41467-021-21936-4
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Scheme 1  Multicatalytic synthesis of α-chiral bicyclo[1.1.1]pentanes by asymmetric addition of aldehydes to [1.1.1]propellane
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Monofluoro- and difluoro-substituted organic molecules 
have properties that make them valuable in many applica-
tions. New methods to synthesize these molecules attract 
wide interest. Among various methods reported for acces-
sing fluorin ated compounds, introduction of trifluoromethyl 
groups has been an effective and economical pathway, since 
many tri fluoromethyl sources are inexpensive and readily 
avail able. Thus, a large number of defluorination approaches 
have been developed to produce mono and difluoro com-
pounds. How ever, selectively producing either difluoro or 
 monofluoro compounds from trifluoro is exceedingly chal-
lenging,  because when the first C–F bond is broken, the re-
maining two get  weaker, thus often resulting in exhaustive 
defluorination. Therefore, “strategies that selectively snip off 
one or two C–F bonds would be very valuable in synthetic and 
medicinal  chemistry,” said Professor Yi-Feng Wang, from the 
University of Science and Technology of China (Hefei, P. R. of 
China),  whose research program is focused on discovery of 
new chemical reactivity and synthetic applications of Lewis 
base–boryl radicals. “During our studies, we had developed a 
Lewis base–boryl radical enabled desulfurizative reduction of 
thioamides to organic amines (Org. Lett. 2018, 20, 24–27),” 
continued Professor Wang, who added: “Encouraged by these 
findings, we next conceived an analogous radical reduction 
reaction of amides. Surprisingly, when a trifluoroacetamide 
was treated with 4-dimethylaminopyrid ine (DMAP)-BH2·, 
hydrodefluorination reactions occurred instead, giving a 
mixture of di- and monofluoromethyl products, albeit with 
moderate chemoselectivity. After optimization of reaction 
conditions, we successfully improved both the chemoselec-
tivity and yields, leading to selective formation of mono- and 
dihydrodefluorination products.” Preliminary mechanistic 
studies suggested that α-fluorocarbonyl radical interme-
diates were generated during the defluorination process. 
The group was intrigued by this finding, because C–F bonds 
are supposed to be inert, with a very high bond dissocia-
tion energy that constrains homolytic cleavage. The authors 
thought that clarification of this defluorinative radical gener-
ation mechanism would be of great interest. “After checking 
 literature precedents and especially discussing with Prof. S. Z. 
Zard (École Polytechnique, Paris, France), when he visited us 
in November 2018, we were drawn to consider a spin-center 
shift (SCS) mechanism that involves 1,2-radical delocaliza tion 

and leaving-group elimination,” explained Professor Wang. 
He continued: “We surmised that the defluorination reaction 
would likely proceed through the attack of DMAP-BH2· to the 
carbonyl oxygen atom, followed by an SCS process to elimin-
ate a fluoride ion. More importantly, the repeat of this process 
to the resulting product would enable the second C–F bond 
cleavage. On this basis, we hypothesized a two-stage process 
with each stage involving an SCS for the C–F bond cleavage 
of trifluoroacetic acid derivatives (Scheme 1A).” According to 
Professor Wang, in stage A, the first SCS of the transient Int-
II – generated through the attack of the carbonyl oxygen atom 
by DMAP-BH2· – takes place, triggering the cleavage of a single 
β-C–F bond. “The resulting α,α-difluorocarbonyl radical, Int-
III, can be subsequently captured by a radical trap to provide 
an α,α-difluoroacetyl product and complete the monodefluor-
inative transformation,” continued Professor Wang. “In stage 
B, if the DMAP-BH2· is continuously present, the stage A pro-
duct participates in a second SCS to generate the radical Int-
V, which is then trapped by a second component to furnish 
monofluorinated products. The use of different traps in stages 
A and B should enable rapid and efficient synthesis of densely 
functionalized monofluoro products.” 

To the group’s delight, this two-stage process showed 
broad substrate scope and good chemoselectivity (Scheme 
1B). “For example, reduction of intermediates in stages A and 
B, wherein RSH was used as the polarity reversal catalyst, 
could afford di- and mono-fluoromethyl products selectively, 
and only minor over-reduction products were observed in the 
formation of difluoro products,” remarked Professor Wang, 
continuing: “Notably, no trihydrodefluorination product was 
detected in either case. Alkenes could be used as the radical 
trap in both stages A and B, leading to diverse defluorinative 
coupling products. Interestingly, when two different alkenes 
were employed in stages A and B, products containing a mo-
nofluorinated tertiary stereogenic center were constructed.” 

To gain deeper insight into the SCS process, as well as to 
figure out the effect responsible for controlling the chemo-
selectivity, the group carried out detailed computational 
studies in collaboration with Prof. K. N. Houk (University of 
California, Los Angeles, USA). “This collaboration started when 
we met at a lecture that Prof. Houk gave at Nankai University,” 
 explained Professor Wang. He continued: “We then worked on 
it together for around one and a half years. The results showed 

A129

Sequential C–F Bond Functionalizations of Trifluoroacetamides and 
Acetates via Spin-Center Shifts

Science 2021, 371, 1232–1240
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that the SCS process proceeded with a surmountable energy 
barrier for N–H amide, while a Na salt is essential to assist the 
cleavage of a C–F bond in tertiary amides and esters. These 
theoretical results are consistent with experimental ones. 
Further DFT calculations revealed that the chemoselectivity is 
determined by the declining reactivity of DMAP-BH2• towards 
the addition to defluorinated products (Scheme 1C). This 
trend is attributed to the increasing singly occupied molecular 
orbital (SOMO)/lowest unoccupied molecular orbital (LUMO) 
gaps between DMAP-BH2· and the substrates. Therefore, once 

the first C–F is removed, the resulting carbonyl group is less 
attractive to the DMAP-BH2·, thus ensuring exquisite chemo-
selectivity during defluorination.” 

Professor Wang concluded: “We believe that the SCS stra-
tegy reported in this work will be applicable to other carbon–
heteroatom bonds (i.e., C–O, C–N, and C–Cl, among others) 
and we are now exploring these transformations.”
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Scheme 1  Sequential C–F bond functionalizations of trifluoroacetamides and trifluoroacetates via spin-center shifts (SCSs)
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INTERVIEW

SYNFORM  What is the focus of your current research 
activity?

Prof. Dr. A. Sukhorukov  My research activity is  primarily 
focused on the chemistry of compounds having nitrogen–oxy-
gen bonds (NO-compounds). I believe that the role of these 
compounds is underestimated, especially in organic syn-
thesis, medicinal and coordination chemistry. Indeed, the 
history of chemistry gives us amazing examples,  wherein 
NO-compounds have made a tremendous impact on the de-
velopment of some critical spheres of human activity. I shall 
give two  examples not from the military sphere to justify 
this. One is the introduction of synthetic fertilizers based 
on  nitrates (pro duced via nitrogen fixation), the event that 
brought the agricultural industry to a substantially new level. 
Another  example is the discovery of the role of nitric oxide as 
a signal ing molecule in many physiological and pathological 
pro cesses (Nobel Prize for Physiology and Medicine, 1998). 
This led to the development of nitric oxide donors as new-
generation pharmaceuticals for the treatment of cardiovas-
cular disorders. 

Being incorporated into the organic framework, the nitro-
gen–oxygen linkage provides unique reactivity. The ease of 
the cleavage of the N–O bond can be exploited to construct 
more stable carbon–carbon and carbon–heteroatom bonds 
via umpolung and redox-neutral processes. This concept has 
been recognized only recently, and its synthetic potential is 
being actively explored.1,2 Our group is very much involved in 
the development of N–O cleavage-driven synthetic transfor-
mations, C–H functionalization processes in particular.3,4 

Another aspect of my interest in NO-compounds is their 
underestimated potential for medicinal chemistry. Until re-
cently, heterocycles having exocyclic nitrogen–oxygen bonds 
were considered as rather exotic among natural products. 

Young Career Focus: Prof. Dr. Alexey Sukhorukov  
(N. D. Zelinsky Institute of Organic Chemistry, and D. Mendeleev 
University of Chemical Technology, Russian Federation)

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. Alexey Sukhorukov (N. D. Zelinsky Institute of  
Organic Chemistry, and D. Mendeleev University of Chemical Technology, Russian Federation).
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The situation changed in the early 2000s when numerous 
 marine metabolites and alkaloids possessing an isoxazoline 
and 1,2-oxazine ring (five- and six-membered heterocycles 
with an exocyclic N–O bond) were isolated and shown to have 
promising physiological properties, in particular, anti-cancer 
and anti-inflammatory activities.5,6 This greatly stimulated 
research on the medicinal chemistry of NO-heterocycles. In 
the near future, the emergence of new scaffolds based on 
 NO-heterocycles can be anticipated. I am proud that our team, 
together with our collaborators, is contributing to this field. 

While my students are doing experiments, I spend time 
writing review articles, book chapters and highlights on topics 
related to our research. This helps me to expand my knowledge 
in chemistry, find synthetic challenges and get new ideas.

SYNFORM  When did you get interested in synthesis?

Prof. Dr. A. Sukhorukov  As a kid, I used to mix things at 
home pretending to be a chemist. During school times, I had a 
small chemistry lab at home. I got a book called “Experiments 
without Explosions”, which contained many exciting experi-
ments to be done safely at home. While my friends were 
playing football, I used to wash test-tubes, preparing for the 
next experiment. When studying in high school at Moscow 
Chemical Lyceum, I got a strong interest in organic chemistry 
intrigued by the ability of artificial organic synthesis to create 
complex molecules derived from nature. At university I used 
to read “Classics in Total Synthesis” by Professor K. C. Nicolaou,7 
the book which strengthened my desire to become an organic 
chemist. At that time, I didn’t realize how difficult it is to do 
target-oriented multistep synthesis, especially when you do it 
with your own hands. So difficult, but so exciting!

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

Prof. Dr. A. Sukhorukov  The primary role of organic syn-
thesis is to prepare molecules of the target structure in the 
most efficient and least time-consuming manner. In this  sense, 
I always considered organic chemists as a sort of molecular 
 architect. However, the way we assemble molecules is far from 
what I would call ideal. We do multi-step synthetic sequences, 
produce lots of side- and by-products, and waste litres of toxic 
organic solvents for compound isolation/purification, to end 
up with only a few milligrams of target compound from 10 
grams of starting material. In comparison, Nature assembles 
molecules much more efficiently through biocatalysis and 
self-assembly routes. That is why catalytic cascade reactions, 
click chemistry and bioinspired syntheses are the key topics 
for the future development of organic synthesis. 

Looking towards the future, I believe scientists will  create 
a sort of a molecular 3D printer, a machine, which will do the 
job for synthetic chemists. Although some attempts are being 
made in this direction,8 automated organic synthesis in a 
 general sense is still science fiction. But even if such a  machine 
is created, this does not mean that there will be nothing more 
to investigate in organic chemistry. 

Thus, I anticipate that the way we do organic synthesis 
will dramatically change in the future. And I wish our research 
will contribute to the development of practical syntheses.

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

Prof. Dr. A. Sukhorukov  Our laboratory has broad research 
interests that focus on the chemistry of nitrogen–oxygen com-
pounds (major research topics are shown in Figure 1). We are 
particularly keen on studying the reactivity of NO-compounds 
(nitro derivatives, oximes, NO-heterocycles, etc.), develop-
ment of new synthetic methods, total synthesis of bioactive 
molecules, and finding new applications for NO-compounds 
in the fields of medicinal chemistry, click reactions, domino-
transformations and coordination chemistry. Our team is also 
interested in studying reaction mechanisms using combined 
techniques including detection/isolation of chemical inter-
mediates, DFT calculations and operando spectroscopy. 

In the last ten years, we have developed a set of methods 
for the umpolung C–H functionalization of nitronates based 
on pericyclic processes, transition-metal-promoted reactions 
and nitrosoalkene chemistry (Figure 1, a). The driving force of 
these reactions is the cleavage of the weak N–O linkage, which 
provokes the formation of new carbon–heteroatom bonds. 
This methodology was efficiently applied as a key stage in 
the asymmetric total synthesis of several natural products 
and drug candidates (Figure 1, b). Moreover, our synthetic 
approach provides access to libraries of polysubstituted NO-
heterocycles (1,2-oxazines, isoxazolines, isoxazoles), among 
which some compounds with promising pharmaceutical pro-
files were identified (Figure 1, c). 

Another topic of our research is the chemistry of di a-
mondoid molecules, in particular adamantanes and dia man-
tanes doped with multiple heteroatoms (Figure 1, d). Despite 
their chemical beauty, these highly symmetrical structures 
are of interest from both fundamental and prac tical perspec-
tives. Adamantane-like structures are usually expect ed to be 
very stable. However, this is not always true, and for reasons 
that are not completely understood, not all combinations of 
hetero atoms in the adamantane cage result in stable struc-
tures. Moreover, the synthesis of new hetero adamantanes 
is always tricky. From my experience, a reason able route 
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 suggested on the basis of a retrosynthetic analysis would de-
finitely not work here. But if you are lucky, you’ll find a self-
assembly synthesis, which is absolutely unexpected from 
the first glance. In our lab, we design such self-assembly ap-
proaches to heteroadamantanes of hitherto unknown  types, 
study their structure using experimental and comput ational 
meth ods, and try to find useful applications for these mole-
cules in cooperation with our collaborators.  

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

Prof. Dr. A. Sukhorukov  Probably, my most significant 
achievement to date is the synthesis of 1,4,6,10-tetraazaada-
mantane (‘isourotropin’ or TAAD).9 This highly symmetrical 

diamondoid molecule is the first isomer of hexamine (uro-
tropin) synthesized since the discovery of the latter by the 
Russian chemist Alexander Butlerov in 1859.10 Hexamine is a 
unique molecule both from structural and application points 
of view. I can mention that it is the oldest applied synthetic 
pharmaceutical, and the first organic compound for which 
X-ray diffraction analysis was performed. I believe ‘isouro-
tropin’ and its derivatives will also find interesting applica-
tions in chemistry and related fields. Thus, we have shown 
that the incorporation of the ‘isourotropin’ motif into lipo-
philic biomolecules enhances their water solubility. We also 
developed a controllable click–declick methodology based 
on the coupl ing of boronic acids with quaternary derivatives 
of ‘isourotropin’.11 This technique is already being used by 
other  researchers to construct click conjugates.12 Coordina tion 
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chemistry of ‘isourotropin’ derivatives is actively explored 
by inorganic chemists from the University of Idaho and the 
University of Marburg.13 Finally, our colleagues recently have 
shown that 1,4,6,10-tetraazaadamantane derivatives enhance 
the thermal and photochemical stability of perovskite films.14 
I am sure we will see other examples in near future.
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The acylation of a C–H bond is a powerful and straightforward 
approach for the synthesis of ketones. “Acylation of arene sp2 
C–H bonds, as shown in classical Friedel–Crafts reactions, is 
very well developed, while less progress has been achieved 
for sp3 C–H bond acylation,” said Professor Armido Studer of 
the Westfälische Wilhelms-University Münster  (Germany). 
He further argued: “Considering that many bioactive com-
pounds contain benzylic C–H bonds in their skeletons, acyl-
ation of such sites would be highly interesting and useful, 
particularly if site-selective functionalization can be achieved 
for  substrates bearing more than one benzylic C–H bond. That 

approach would ideally also allow for late-stage acylation of 
complex compounds, e.g. natural products, drugs or drug can-
didates.” 

Professor Studer’s group has a long-standing interest in N-
heterocyclic carbene (NHC) catalyzed radical transformations, 
which could offer a potential solution to the challenging issue 
posed by site-selective late C–H acylation. “Cross-coupling 
of benzylic radicals with NHC-stabilized ketyl-type radicals 
 generated in situ is feasible, as realized in our recently dis-
closed radical alkene acyltrifluoromethylation,1” said Profes-
sor Studer, explaining that: “A key consideration in achieving 
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acylation of benzylic C–H bonds is to find an efficient way to 
generate benzylic radicals with concomitant single electron 
transfer (SET) reduction of acylazolium ions. Such acylazol-
ium ions should be generated in situ by reaction of an acyl 
donor with the carbene catalyst, in a process that must be 
compatible with C-radical generation. Moreover, to close a re-
dox catalysis chain, generation of the benzylic radical should 
be achieved via an SET-oxidation process, rendering the whole 
cascade a redox-neutral process.”

Following this approach, the Münster group recently de-
monstrated the feasibility of the acylation of benzylic C–H 
bonds using cooperative NHC- and photocatalysis. The gener-
ation of the benzylic radical occurs by SET-oxidation of the 
arene and subsequent deprotonation. “It is notable that ex-
cellent site selectivity was observed, even for systems bearing 
two benzylic sites. Interestingly, the bond dissociation energy 
of the benzylic C–H bond is not the regiochemistry-determin-
ing factor, it is the deprotonation of the arene radical cation,” 
said Professor Studer. He continued: “Apparently, the depro-
tonation approach offers an advantage over intermolecular 
C–H abstraction for the site-selective generation of benzylic 
radicals.” In order to demonstrate the potential of their stra-
tegy, late-stage benzoylation of three biologically active com-
pounds was carried out with high regioselectivities. 

“Compared with other protocols for acylation of ben-
zylic C–H bonds that proceed via metal-catalyzed or ionic 
pathways,2–5 our method provides a mechanistically distinct 
process featuring radical–radical cross-coupling,” remarked 
Professor Studer. He concluded: “This work opens new 
 avenues in the area of direct C–H bond acylation and asym-
metric transformations are expected.”
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