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Dear Readers,

Functionalization of C-H bonds using a range of
different catalysts and/or photoactivation methods
continues to be a vibrant and timely research area,
which is attracting an enormous - and still increasing -
amount of interest. Indeed, activation of C-H bonds
has long been indicated as the ultimate challenge

for synthetic organic chemists in both academia and
industry. Progress in the field is nowadays impressive
and some of the new methods appear to be more
efficient, straightforward and have higher environmen-
tal sustainability and compatibility — especially those
relying on photocatalysis or enzymes, often involving
radical chemistry — than the more traditional multi-
step synthetic methods that require stoichiometric
amounts of organometallic reagents or Lewis acids/
bases. Two examples of this amazing progress in direct
C-H activation chemistry are featured in this new
issue of SYNFORM. The first example is the synthesis
of a-functionalized alcohols by light-induced radical
chemistry which can be used to prepare heterocyclic
carbinols, as reported by A. Lei (P. R. of China). The
second example, described by R. M. Koenigs (Ger-
many), involves the use of an iron porphyrin and can
be applied to the functionalization of indoles and re-
lated heterocycles with a CH,CN residue. Sandwiched
between these two methodological papers, there is a
good old and inspiring total synthesis of some complex
naturally occurring bowl-shaped macrocycles, called
Herqulines B and C, developed by the group of

C. Schindler (USA). A Young Career Focus interview
with ]. Campos (Spain) has the key role of wrapping

up and closing the issue.

Enjoy your reading!!!
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Visible-Light-Induced Direct a C-H Functionalization of Alcohols

Nat. Commun. 2019, 10, 467

Alcohols are ubiquitous and widely used raw starting mate-
rials with broad applications in organic chemistry, the phar-
maceutical industry and chemical engineering, to name just
a few. For this reason, having ready access to a broad range
of alcohols through the selective a C-H functionalization of
alcohols would be of great significance. “The photocatalytic
oxidative o sp> C-H arylation of alcohols is still a challenge,
especially in the presence of ethers also having o sp* C-H
bonds,” said Prof. Aiwen Lei, from The College of Chemistry
and Molecular Sciences, Institute for Advanced Studies,
Wuhan University (P. R. China). According to Professor Leli,
although much attention has been paid to the oxidative « sp?
C-H arylation of ethers with electron-deficient heteroarenes
under a photocatalytic oxidation system, it is notable that the
analogous reaction of alcohols had not yet been demonstrated.
“Therefore, visible-light-induced oxidative o sp> C-H arylation
of alcohols with electron-deficient heteroarenes to introduce
an active alcoholic hydroxyl group is of great synthetic signi-
ficance,” he added. Selectfluor is well known as a powerful
fluorination reagent and oxidant, frequently used in combin-
ation with a metal catalyst or photocatalyst. “The N-F bond
breaking of Selectfluor can be achieved by electron donation
from an external reductant. Conversely, direct visible-light-
induced N-F activation of Selectfluor is desirable but rarely
described. We hypothesized that activated Selectfluor may ex-
hibit different selectivity for oxidative sp®> C-H a-arylation of
alcohols and ethers,” said Professor Lei, whose research group
recently reported that Selectfluor - under visible-light irradi-
ation - can effectively promote the oxidative cross-coupling
between alcohols and heteroarenes, without external pho-
tocatalysis, leading to the selective o sp> C-H arylation of an
alcohol, even in the presence of an ether.

“At first, we questioned whether visible-light irradiation
could induce the N-F activation of Selectfluor to directly yield
the corresponding N radical cation and F radical (Scheme 1a),”
said Mr. Linbin Niu, a co-author of this study. He continued:
“The generated N radical cation is responsible for the fission
of an a sp* C-H bond of the alcohol to form the hydroxyalkyl
radical (Scheme 1b). Afterwards, the electron-deficient hete-
roarenes - protonated by an acid - can capture the relatively
nucleophilic radical and deliver the corresponding radical
adducts (Scheme 1c). The oxidation and deprotonation of this
radical adduct by another Selectfluor molecule would then
afford the a-arylated product (Scheme 1d).” Under the de-

signed oxidation conditions, the spin center shift process of
the intermediate can be avoided and the carbinolic hydroxyl
group is unaffected, leading to the oxidative o sp®* C-H func-
tionalization of alcohols with heteroarenes.

“This assumption that the N-F activation of Selectfluor
could be achieved by blue-light irradiation was subsequently
confirmed by electron paramagnetic resonance (EPR) experi-
ments,” added Mr. Niu. Two kinds of radical signals were ob-
served, when Selectfluor in acetonitrile was irradiated by blue
LEDs and when 5,5-dimethyl-1-pyrroline N-oxide (DMPO)
was employed as a radical scavenger (Schemes 2a and 2c).
Another co-author, Mr. Shengchun Wang, explained: “One of
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the radicals, 10, was confirmed as the radical adduct between
two fluorine radicals and DMPO, while the other one, 11, re-
sulted from the oxidation of DMPO, where the ratio of 10:11
is 3:8.” In contrast, the team did not detect the radical adduct
between two fluorine radicals and DMPO under darkness
(Schemes 2b and 2c).

“It is significant that the single selectivity and good yield
for the oxidative a sp* C-H arylation of alcohols in the pre-
sence of an sp? C-H of an ether were observed (Scheme 3a),”
said Mr. Niu, continuing: “The gram-scale experiment carried
out by Jiamei Liu demonstrates the potential utility of this
protocol (Scheme 3b).”

“In summary,” said Prof. Lei, “we have developed a visible-
light-induced oxidative o sp*> C-H arylation of alcohols with
heteroarenes, which is promoted by Selectfluor under blue
LED irradiation. What is essential for this protocol is the N-F
activation of Selectfluor achieved by blue-light irradiation.
These observed reactivities may have significant implications
for further chemical transformations.”
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Scheme 3 Investigation and application of this protocol. (a) Intermolecular competition experiment. (b) Gram-scale synthesis

experiment.
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Linbin Niu was born and grew up in
Zhengzhou, Henan Province (P. R. of
China). He received his B. S. degree
from Zhengzhou University (P. R.
of China) in 2015 before moving to
Wuhan University (P. R. of China) to
further his studies in organic chem-
istry, directed by Prof. Aiwen Lei. Now,
he is a PhD student and his research
interests are photocatalysis, electro-
catalysis, and nanocatalysis.

Jiamei Liu was born and grew up in
Shenyang, Liaoning Province (P. R. of
China). She obtained her B.S. degree
from Wuhan University, Hongyi Class
(P. R. of China) in 2018. She joined
Aiwen Lei’s group for extracurricular
research during the period 2015-
2018. She then continued her studies
and joined Prof. Xuechen Li’s group in
The University of Hong Kong (P. R. of
China) and is now working on bioor-
ganic chemistry.

Shengchun Wang is from Yongzhou,
Hunan Province (P. R. of China). He
obtained his B.S. degree from Hunan
University (P. R. of China) in 2016,
then joined Prof. Aiwen Lei’s group at
Wuhan University as a PhD candidate.
He focuses on oxidative radical cross-
coupling and nanocatalysis.
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Xing-An Liang comes from Liuzhou,
Guangxi Province (P. R. of China). He
obtained his B.S. degree from Wuhan
University (P. R. of China) in 2017 be-
fore joining Prof. Aiwen Lei’s group
as a PhD candidate. He is working on
electrocatalysis and nanocatalysis.

X.-A. Liang

Aiwen Lei graduated from Huaibei
Normal University (P. R. of China) in
1995 and obtained his PhD at the
Shanghai Institute of Organic Chem-
istry, Chinese Academy of Science
(P. R. of China) in 2000, directed by
Prof. Xiyan Lu. He worked as a post-
doctoral fellow in the Department of
Chemistry at Pennsylvania State Uni-
‘ versity (USA), with Prof. Xumu Zhang
Prof. A. Lei from 2000 to 2003. Then he joined
the group of Prof. James P. Collman
at Stanford University (USA) working as a research associate for
two years. Finally, he joined Wuhan University (P. R. of China) as
a professor in 2005. His research interests are organic synthesis
methodology, physical organic chemistry, electrocatalysis, pho-
tocatalysis, nanocatalysis and biomimetic catalysis.
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Total Syntheses of Herqulines B and C

J. Am. Chem. Soc. 2019, 141, 3409-3413

The herqulines (1-3, Figure 1) were initially isolated from  quisite cyclophane on scale. “These cyclodipeptide bis-iodide
Penicillium herquei in 1979 by Omura and co-workers (J.  substrates were readily available from 3-iodo-L-tyrosine,”
Antibiot. 1979, 32, 786-790). Preliminary biological evalu-  explained Professor Schindler. She continued: “Our detailed
ations of these compounds revealed that the herquline con-  studies (Org. Lett. 2018, 20, 2862-2866) revealed that the
geners are effective inhibitors of platelet aggregation and in-  palladium-catalyzed macrocyclization of 5 to 6 benefitted
fluenza virus replication. Architecturally, these small, highly  from the addition of exogenous air and water. We postulated
strained alkaloids bear an unsymmetrical N-methyl Lewis that palladium(0) could be oxidized to a palladium(II)-per-
basic piperazine core residing at the base of a bowl-shaped  oxy intermediate by air, while exogenous water would sub-
macrocycle. Additionally, two bridging B,y-cyclic enones con-  sequently facilitate the formation of a palladium(II)-hydroxy
stitute the northern portion of 2 and 3. The group of Prof.  species suitable for transmetallation of the in situ formed bis-
Corinna Schindler at the University of Michigan (USA) became  boronic ester. Notably, without the addition of air and water
interested in these structures as targets due to the challenge to the palladium-catalyzed macrocyclization, the cyclophane
in synthesizing the highly strained core. Professor Schindler  products were routinely formed in lower yields and/or the
remarked: “We postulated that mycocylosin (4) or a related  reaction proved not scalable. This carefully optimized biaryl
analogue would serve as a key synthetic intermediate towards  coupling reaction readily afforded mycocyclosin derivatives
the herquline family via a series of well-coordinated stereose-  on gram scale, which proved suitable to advance to the her-
lective reductions.” quline natural products.”

At the outset of their preliminary studies, the group devel- With a suitable synthetic strategy in hand to attain myco-
oped a scalable and robust metal-catalyzed biaryl coupling  cyclosin derivatives on scale, the group’s next challenge was
of cyclodipeptide bis-iodides 5 (Scheme 1) to afford the re-  to evaluate the highly strained biaryl system’s compatibility

herquline A (1) herquline B (2) herquline C (3) mycocyclosin (4)

Figure 1 Structures of herqulines A-C (1-3) and mycocyclosin (4)

I, MeO oBn PdCl,(dppf)-CH,CI, (20 mol%)

B,(Pin), (6 equiv)
K,CO3 (6 equiv)

DMSO/H,0, air
90°C,12h
81%

[up to gram scale]

Scheme 1 Scalable Pd-catalyzed oxidative coupling
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under Birch reduction conditions. “When symmetrical piper-
azine 7 (Scheme 2A) was exposed to standard Birch reduction
conditions (Na, liq. NH,, THF, -78 °C) the biaryl subunit was
readily converted into the 1,3-diene 9 in good overall yields,”
said Prof. Schindler. “Unfortunately, the incorrect regiochem-
istry of the requisite olefin (red bond in 9) was incompatible
in terms of further elaboration to the herqulines.” She con-
tinued: “We presumed that this undesired Birch product arose
from the in situ isomerization of 1,4-diene 8 to 9 due to the
inherent high ring strain. In a concerted effort to overturn this
undesirable reactivity, we evaluated different Birch reduction
conditions, including: proton sources, reaction time and tem-
perature, metal equivalences, proton sources, and substrate
variations. However, despite extensive evaluation of various
reaction conditions we were not able to observe the forma-
tion of the desired 1,4-diene product. As such we developed

Literature Coverage

an alternative strategy to access the herquline family (Scheme
2B).” Following debenzylation of 10 (BCl,, C,HMe,), the free
phenol was subjected to oxidative dearomatization condi-
tions (PhI(OAc),, MeOH) followed by L-Selectride mediated
conjugate reduction to give rise to 11. Single-electron reduc-
tion of 11 with Sml, led to 12 as a single diastereomer. The
authors were able to confirm by single-crystal X-ray analysis
that the corresponding B,y-enone (12) bore the correct unsa-
turation needed to elaborate to the final targets. At this stage,
reduction of the diketopiperazine ring in 12 initially proved
difficult. Professor Schindler remarked: “Various standard di-
ketopiperazine reduction conditions were evaluated and led
to either no reaction or complete decomposition of the start-
ing material. However, utilizing conditions (Fe,(CO),,, silanes)
initially reported by Beller (Angew. Chem. Int. Ed. 2009, 48,
9507-9510) we observed that 12 undergoes complete and

a) Preliminary Birch reduction evaluation
OMe
OMe
Na (80 equiv)
O lig. NH (excess)
NBn THF, 78 °C, 30 min
H _N then NH,CI (aq)
Bn H 93%
a 8 1,4-diene - ,
7 . 9 1,3-diene
(not isolated)
b) Alternate strategy for the selective synthesis of herqulines B and C
MeO  oBn MeO o
1) BCl;, CgHMes
99% Sml,
2)  Phl(OAc),, MeOH THF

then 30 min, 0 °C

L-Selectride 7%
79% (single diastereomer)

10 11 (X = OMe)
OMe
Ton i
l\'\ll/le ,Si\o /Si‘\“'\'\:: Birch reduction
e U B, /- -
FesCOy,, PhMe (various conditions) H NBn
then _N
HCI (1 M), acetone Me H
60%
12 13 14

Scheme 2 a) Preliminary Birch reduction evaluation; b) alternate strategy for the selective synthesis of herqulines B and C
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chemoselective reduction to piperazine 13 in the presence
of a cyclic ketone. We expect that these reaction conditions
will be useful for diketopiperazine reductions in other com-
plex molecular settings.” The selective regiochemical reduc-
tion of the remaining aromatic ring was the next objective.
When Prof. Schindler and co-authors subjected 13 to a variety
of distinct Birch reduction conditions, they observed only re-
duction of the ketone to the corresponding secondary alco-
hol (not shown) as well as complex over-reduction mixtures.
Furthermore, they found that the corresponding cyclic acetal
of 13 proved to be completely recalcitrant under a variety of
Birch reduction conditions.

In a final effort to effect reduction of the remaining arom-
atic ring, the group took inspiration from earlier work by
Paddon-Row, who demonstrated that spatially proximate,
but remotely connected hydroxyl groups to aromatic rings
can facilitate Birch reductions via intramolecular protona-
tion (J. Chem. Soc., Chem. Commun. 1982, 1206-1208). “As
such, we selectively reduced 13 with NaBH, (not shown) to
access 15. Exposure of 15 to Birch reduction conditions, with
no exogenous proton sources, led to smooth formation of the
desired enone 17 after acidic hydrolysis (Scheme 3),” said Prof.
Schindler. She continued: “We hypothesized that not only can
an intramolecular protonation occur, but also coordination of
a metal to an alkoxy intermediate can help stabilize an inter-

Literature Coverage

mediate anion (16). We were able to complete the synthesis of
herquline C by oxidizing the secondary alcohol to 18, followed
by hydrogenolysis. Furthermore, 18 was readily isomerized
with DBU at room temperature, and following hydrogenolysis
gave rise to herquline B.”

Prof. Schindler concluded: “We have been able to com-
plete the total synthesis of herqulines B and C in a concise and
efficient approach. Our reported strategy reflects the unique
reductive biosynthetic origins of these highly strained natur-
al products by taking advantage of mycocyclosin derivatives
as key synthetic intermediates. Our ongoing work in the lab
seeks to establish a better understanding of the distinct reac-
tivity of highly strained biaryl systems in the context of natur-
al product total synthesis.”

|
|

ic \
[t es

ﬁ S0 \a

then HCI

49%

proton source

95% herquline

18
(single diastereomer)

15 intramolecular 16 17

DBU then Pd/C, H,,

82%

C herquline B

87% T

Scheme 3 Completion of the total synthesis of herqulines B and C
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Xu Zhu received his MSc in chemistry
from Soochow University (China)
under Prof. Shun-Jun Ji in 2011 and
started his PhD studies during the
same year. In 2015, he obtained his
PhD from Nanyang Technological
University (Singapore) under the
supervision of Prof. Shunsuke Chiba
where he studied methodology de-
velopment for the synthesis of nitro-
gen heterocycles. Beginning in 2016,
he began a postdoctoral stay in Prof.

Corey R. J. Stephenson’s group at the University of Michigan
(USA) before joining Prof. Corinna S. Schindler’s research group
at the same university. His current research focuses on total
synthesis of resveratrol oligomers and herquline family natural

products.

C. C. McAtee

Christopher C. McAtee grew up in
Easton, PA (USA) and obtained his
B.Sc. (cum laude) from Lycoming Col-
lege (Williamsport, PA, USA) while
conducting undergraduate research
with Chriss E. McDonald. In 2015, he
began his PhD studies in Prof. Corinna
S. Schindler’s group at the University
of Michigan (USA) as an NSF Predoc-
toral Fellow. His doctoral research
focuses on the total synthesis of high-
ly strained alkaloid natural products.

Prof. C. S. Schindler
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Corinna S. Schindler received her di-
ploma in chemistry from the Techni-
cal University of Munich in Germany.
After a research stay with Prof. K. C.
Nicolaou at the Scripps Research In-
stitute in La Jolla (USA), she joined
the group of Erick M. Carreira at ETH
Zurich in Switzerland for her graduate
studies. She then returned to the USA
to conduct postdoctoral studies with
Prof. Eric N. Jacobsen at Harvard be-
fore starting her independent career
at the University of Michigan in 2013.
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Tryptamine Synthesis by Iron Porphyrin Catalyzed C-H Functional-
ization of Indoles with Diazoacetonitrile

Angew. Chem. Int. Ed. 2019, 58, 3630-3634

Tryptamines are important endogenous signaling molecules
that play a pivotal role in biochemical processes like the regu-
lation of the sleep-wake rhythm. The closely related sero-
tonin possesses key regulatory functions in the cardiovascular
system and organ development and plays a central role as a
neurotransmitter in the central nervous system. The synthesis
of tryptamines is typically conducted following a classic route
starting with a Mannich reaction of an indole heterocycle,
followed by quaternization of the amine, nucleophilic substi-

tution with highly toxic cyanide and final reduction (Scheme
1a).

Professor Koenigs (RWTH Aachen University, Germany)
and co-workers previously reported on carbene transfer re-
actions of the underexplored and explosive diazoacetonitrile
reagent (Green Chem. 2017, 19, 2118-2122; Chem. Commun.
2017, 53, 6577-6580). Prof. Koenigs and Katharina J. Hock -
a PhD student in the Koenigs group - explained: “We were
intrigued by this small fascinating reagent and wanted to find

a) synthesis of tryptamines
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Scheme 1 a) Strategies for the synthesis of tryptamines. b) Realization of a flow-batch protocol for the synthesis of diazoacetonitrile
and subsequent iron(lll)-catalyzed direct C-H functionalization of indole heterocycles. c) Selected examples of the substrate scope.
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a) enzymatic C-H functionalization
Ne =N
ll® YfeX 1230A
O R el O
N\ / citrate buffer N
R N7 \
R
R =Me, TON = 94
b) reaction in the presence of radical scavenger R=H, TON=75
N@ =N
A H@ radical FeTPPCI
+ /| + scavenger x5 AN
N (TEMPO)
Pz N
\' N \

no product formation

Scheme 2 a) Enzymatic C-H functionalization reaction with the YfeX enzyme. b) Reaction in the presence of a radical scavenger.

solutions to make it commonly available for organic synthetic
chemists.” Building on their experience in continuous-flow
chemistry and the handling of highly reactive diazolkanes
(Chem. Eur. |. 2016, 9542-9545), the team set up the goal
of exploring C-H functionalization reactions. Prof. Koenigs
hypothesized that the reaction of diazoacetonitrile with
indole heterocycles should provide a streamlined and unpre-
cedented access to tryptamines and their precursors.

Quite unexpectedly, the team identified a simple iron
porphyrin catalyst to be highly efficient in the direct C-H
functionalization of protected and unprotected indole hetero-
cycles with diazoacetonitrile (Scheme 1b and 1c), and they
demonstrated the applicability of this transformation even
on gram-scale. Prof. Koenigs explained that the limitations of
the existing methods lay with the necessity of having either
expensive catalysts or cyclopropanation reactions of the indole
heterocycle with acceptor-only diazo compounds. “The syn-
thesis of diazoacetonitrile using flow technology was crucial
for obtaining high yields and circumventing risks associated
with handling this explosive diazoalkane, as the reactive di-
azoalkane is directly consumed by the catalyst after addition
to the reaction mixture and only diminutive amounts are pre-
sent in the flow reactor,” commented Katharina J. Hock.

Prof. Koenigs teamed up with Jun.-Prof. Martin ].
Weissenborn (Leibniz Institute of Plant Biochemistry and
Martin-Luther University Halle-Wittenberg, Germany) who
had previously shown a carbene-transfer reaction (ChemCat-
Chem 2016, 8, 1636-1640), and Dr. Junming Ho (University of
New South Wales, Sydney) to next investigate biocatalytic C-H
functionalization reactions with an iron-heme-containing

enzyme and to gain an understanding of the reaction mechan-
ism of this transformation.

Jun.-Prof. Weissenborn and Anja Knorrscheidt - a PhD
student in the Weissenborn group - studied the reaction of
acceptor-only diazoalkanes with indole heterocycles using the
enzyme YfeX. “YfeX is a remarkably stable enzyme with an
impressive expression rate. The site-specific mutagenesis in
the active site improved the biocatalytic C-H functionaliza-
tion reaction to more than 90 turnovers (Scheme 2a),” com-
mented Jun.-Prof. Weissenborn.

The reaction mechanism of this C-H functionalization re-
action was studied by using deuterium labeling experiments,
which however did not provide a clear mechanistic picture.
“Maybe there is a radical pathway involved in this C-H func-
tionalization reaction,” suggested Dr. Ho. Indeed, reactions in
the presence of radical scavengers did not provide the desired
reaction product (Scheme 2b), thus supporting the hypothesis
of a radical pathway.

Prof. Koenigs concluded: “This protocol opens up not only
the possibility of pursuing safe applications of hazardous di-
azoacetonitrile but also provides a new, operationally simple
route to important tryptamines starting from simple, com-
mercially available reagents, also on gram-scale. Simple orga-
nometallic or enzymatic iron catalysts were identified as being
highly efficient in this reaction and first experiments showed
an intriguing aspect of iron-catalyzed carbene-transfer reac-
tions. The latter are currently under further investigations
from an experimental and theoretical perspective to gain a
better understanding of the underlying reaction mechanism.”

IY‘JAJ—“-\— K es “}' &_,ﬁ_ﬂ;;,‘\-ﬁ-l

© Georg Thieme Verlag Stuttgart « New York — Synform 2019/07, A106-A108 « Published online: June 17, 2019 « DOI: 10.1055/s-0037-1612176

v

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.


https://doi.org/10.1002/chem.201601707
https://doi.org/10.1002/cctc.201600227
https://doi.org/10.1002/cctc.201600227

A108

Katharina J. Hock studied chemistry
at the Goethe University Frankfurt
am Main (Germany). She did her
Masters thesis in the group of Dr.
Georg Manolikakes and moved to
RWTH Aachen University (Germany)
in January 2016 to pursue her PhD
thesis with Prof. Koenigs working on
safe applications of small and reactive
diazoalkanes in carbene-transfer reac-
tions and cycloaddition reactions.

Anja Knorrscheidt received her BA
in chemistry from the Martin Luther
University Halle-Wittenberg (Ger-
many) in the group of Prof. Csuk in
2014. In 2016 she completed her stu-
dy in chemistry with her MSc at the
Leibniz Institute of Plant Biochemistry
(Germany) under the supervision
of Prof. Wessjohann in 2016. At the
same institute she continued as a
PhD student in the beginning of 2017
to work in the group of Jun.-Prof.
Weissenborn, focusing her research on enzyme-catalyzed car-
bene-transfer reactions.
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ploma (Dipl.-Chem.) in 2009 at the
University of Kiel, Germany. His diplo-
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stay in the lab of Prof. Don Hilvert at the ETH Ziirich, Switzer-
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sor at the Martin Luther University Halle-Wittenberg, Institute
of Chemistry, and the Leibniz Institute of Plant Biochemistry
(Germany). His research interests focus on discovery and direct-
ed evolution of novel non-natural enzymatic reactions.

Rene M. Koenigs obtained his PhD
in 2011 from RWTH Aachen Univer-
sity (Germany) under the guidance
of Prof. Magnus Rueping. He subse-
quently moved to Grunenthal GmbH
(Germany), working as a medicinal
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as Junior-Professor at RWTH Aachen
University. His research interests
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Young Career Focus

Young Career Focus: Dr. Jesis Campos
(Spanish National Research Council (CSIC), Sevilla, Spain)

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. Jesis Campos (Spanish National

Research Council (CSIC), Sevilla, Spain).

Jestis Campos was born in Sevilla
(Spain), where he studied chem-
istry (University of Sevilla, 2007,
Spain) before moving to the Uni-
versity of Manchester (UK) to work
under the guidance of Prof. John
D. Sutherland (MPhil, 2008). Upon
moving back to Sevilla he joined
the group of Prof. Ernesto Carmona
to work on fundamental organo-
metallic chemistry, and spent
some time as a visiting researcher
with Prof. Maurice Brookhart (University of North Carolina,
USA, 2010). He returned to the USA later, as a postdoctoral
researcher, joining the group of Prof. Robert H. Crabtree at
Yale University to work in green catalysis and energy-related
transformations (2013-2014). He was awarded a Talentia
Postdoc Fellowship for a second postdoctoral period in the
laboratory of Prof. Simon Aldridge at the University of Oxford
(UK) to focus on bond activation and catalysis with main-
group systems (2014-2016). In 2016 he moved back to the
University of Sevilla after securing a Marie Curie IF fellowship
and one year later he was awarded a permanent position as
Tenured Scientist of the Spanish National Research Council
(CSIC) to develop his independent career at the Institute of
Chemical Research (11Q) at Sevilla. In 2017 he was awarded an
ERC Starting Grant project aiming to develop new strategies
in cooperative bond activation and catalysis.

Dr. |. Campos

INTERVIEW

SYNFORM What is the focus of your current research
activity?

Dr. J. Campos Our current interests range over a variety
of topics within the fields of organometallic chemistry and
homogeneous catalysis. We have recently focused on investi-
gating cooperative chemical systems for small-molecule acti-
vation, with the final aim of discovering new catalytic proces-
ses. As such, we have embarked into the design of frustrated
Lewis pairs based on transition metals, as well as other less
well-explored bimetallic combinations of transition metals
and low-valent main-group elements. The design of excep-
tionally bulky ligands for these and other purposes has also
become a common aim within our group.

SYNFORM When did you get interested in synthesis?

Dr. J. Campos I have been fascinated by synthetic chem-
istry from as far back as I can remember. I have always been
truly enthralled by the creativity of synthetic chemists in
preparing complex natural products. Connecting and discon-
necting chemical fragments by forming and cleaving chemical
bonds to access challenging structures constitutes the perfect
blend of art and science. But beyond its beauty, the mole-
cules that synthetic chemists can provide have a tremendous
impact on our modern life. My first incursions into synthetic
challenges came during my master’s studies at the Universi-
ty of Manchester (UK), where I prepared a variety of isotopi-
cally Iabelled nucleosides to carry out mechanistic studies in
the context of prebiotic chemistry. A decade later, I retain my
interest in the analysis of reaction mechanisms but now focus
on the role of metal centers to mediate otherwise unattain-
able transformations.
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SYNFORM What do you think about the modern role and
prospects of organic synthesis?

Dr. J. Campos Organic synthesis has been at the heart
of modern chemistry for the last century and will certain-
ly remain a key interdisciplinary science for the foreseeable
future. Despite being a mature discipline there are still many
aspects that require improvement. Chemical sustainability is
arguably one of the major challenges for the 21 century. In
fact, our chemical industry needs to be more efficient in terms
of energy demands, waste production and sustainable feed-
stocks. The role of organic chemists, particularly those work-
ing on developing new catalysts and catalytic processes, will
be essential in achieving these goals. Catalysis already occu-
pies a prominent position in synthetic organic chemistry, both
at laboratory scale and in industry, and looking at how Nature
does chemistry, I am convinced of the many groundbreaking
discoveries in the field of catalysis that will emerge in the
years to come, not only applied to organic synthesis, but also
to other related areas such as materials science or supramole-
cular chemistry.

Young Career Focus

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

Dr. . Campos As mentioned before, our current interests
include many aspects of organometallic chemistry and ho-
mogeneous catalysis, with particular emphasis on developing
cooperative systems based on underexplored concepts. I have
the privilege of working with a group of several highly moti-
vated students that certainly enjoy doing science. This allows
us to consider not only our initial aims, but also every other
aspect that shows up in the course of our investigations. Be-
sides all the nice surprises that we find in these excursions,
we are particularly focused on developing several types of
cooperative chemical systems for small-molecule activation
and, eventually, for their application in the development of
new catalytic transformations. The first of these involves the
design of frustrated Lewis pairs (FLPs) based on transition
metals. The ability of FLPs to activate a wide variety of small
molecules has revolutionized the chemistry of the P block
elements, which are now capable of mediating bond-activa-
tion reactions that were thought to be restricted to transition
metals. Catalytic applications of FLPs mainly include hydro-
genation and other related transformations. However, the in-
troduction of transition metals into FLP designs can enhance

P(Bu);
e
IlD('Bu)3
2

Lewis base

Scheme 1 Small-molecule activation by a gold(l)/platinum(0) metal-only FLP
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the catalytic potential of the FLP concept by virtue of the set of
elementary reactions that transition metals offer. We expect
that metallic FLPs will expand the catalytic usefulness of the
concept far beyond their current applications. Our efforts in
the field allowed us to describe the first metallic FLP in which
the two components of the cooperative pair are based on
transition metals, more precisely Au(l) and Pt(0) as the Lewis
acid and basic components, respectively (Scheme 1). This pair
readily reacts with dihydrogen or acetylene in a cooperative
manner, while the individual metallic components exhibit
either no or dissimilar reactivity. We are now extending these
results to other late-transition metals and exploring their po-
tential in cooperative catalysis.

In a related line of research that we started very recently,
we are pursuing the design of hybrid systems that incorpor-
ate a low-valent main-group element and a transition-metal
center in close proximity. We expect that the ability of the
former to activate a wide variety of polar bonds, along with
the chemical richness of the latter, will permit the discovery
of new ways of bond activation and catalysis. In addition, we
have lately begun to explore other bimetallic and multimetal-
lic systems that operate under synergistic mechanisms for the
activation of small molecules. A common aspect shared by the
three lines of research described is ligand design, particularly
those that provide sufficient steric protection to modulate the
balance between metal-metal interaction and frustration and
to kinetically stabilize unsaturated species.

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

Dr. J. Campos Our team started as an independent re-
search group very recently and thus our most important
scientific contributions are yet to come. That being said, I am
most proud of my first report in the field of transition-metal
FLPs, which I developed myself and published two years ago
as a single-author paper (J. Am. Chem. Soc. 2017, 139, 2944-
2947). This work laid the foundation for one of our most pro-
ductive research lines at the moment and, I would like to be-
lieve, it will motivate other research groups to develop these
types of cooperative systems and exploit their potential in

catalysis.
/ L\)_‘__‘UT PN ‘J['M_g‘u_

Young Career Focus
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