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PL1

Two Stones for One Bird”

Shengming Ma (10 0 [)

Department of Chemistry, Zhejiang University, Hangzhou 310027, P. R. China and State Key
Laboratory of Orgnometallic Chemistry, Shanghai Institute of Organic Chemistry, CAS,
Shanghai 200032, P. R. China
E-mail: masm@sioc.ac.cn

Different from alkenes and alkynes, allenes are a class of unique compounds with a synthetically

attractive axial chirality. However, their chemistry had been largely underdeveloped due to the prediction
of instability based on their structure for quite some time. However, nowadays allenes have been
demonstrated as an important class of very useful starting materials with a very decent level of stability in
orgnaic chemistry. In this lecture, some efficient syntheses of 1,3-disubstituted allenes from two readily
available chemicals, i.e., terminal alkynes and aldehydes have been developed. The aerobic oxidation of
alcohols to aldehydes, ketones, and carboxylic acids has been developed for such a purpose. With these
"two stones" in hand, the efficiency for allene synthesis has been greatly upgraded to an unprecedented
level-the optically active naturally allenes may now be prepared very easily-in just a few easy steps.

MCI (10 mol%), O, or air
R'CH,OH * » R'COOH

Fe(NO3)39H,0 (5 mol%)

NaCl (10 mol%) | <—
aCl (10 mol%) TEMPO (5 mol%), O, or air

R'CHO

R

Q‘SR" (1.0 equiv) H

— H__OH

R—= =
CuBr; (20 mol %) R

R!
dioxane, 70-130 °C ]
90-98 % ee R" = aryl or alkyl

"IN Camonyste, siono)
alkyl,aryl
Figure 1.
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[1] X. Huang, T. Cao, Y. Han, X. Jiang, W. Lin, J. Zhang and S. Ma* Chem. Commun., 2015, 51, 6956.
[2] X. Tang, X. Huang, T. Cao, Y. Han, X. Jiang, W. Lin,Y. Tang, J. Zhang, Q. Yu, C. Fu and S. Ma* Org.
Chem. Front., 2015, 2, 688.
[3] X. Huang, C. Xue, C. Fu and S. Ma* Org. Chem. Front., 2015, 2, 1040.
[4]Y. Wang, W. Zhang and S. Ma*: J. Am. Chem. Soc. 2013, 135, 11517.
[5] CN. Pat. 2010, 102336619 B; WO. Pat. 2012/12952; US. Pat. 2012/220792; JP. Pat. 2013/ 518064; EP.
Pat. 2599765.

[6] X. Jiang and S. Ma* J. Am. Chem. Soc. 2016, 138, 8344.

“The NSFC (21232006) and National Basic Research Program (2015CB856600) for financial support.
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Recent Progress in the Asymmetric Synthesis of
Biologically Active Molecules Catalyzed by Chiral
N,N’-Dioxide-Metal Complexes "

Xiaoming Feng (& /]~FA)
College of Chemistry, Sichuan University, Chengdu 610064, P. R. China
E-mail: xmfeng@scu.edu.cn; Homepage: http.//chem.scu.edu.cn/En/XiaomingFeng

The use of asymmetric catalysis is a powerful, economically feasible tool for the preparation of optically
active organic compounds on both laboratory and industrial scales. In recent years, our group successfully
created a kind of new chiral ligand, named N,N’-dioxide amides, and used them as privileged ligand-metal
complexes in asymmetric reactions.' I will describe asymmetric synthesis of chiral compounds by chiral
N,N'-dioxide—metal complexes. Representative examples are listed in the figure.

For examples, NITD609 which a potent novel antimalarial lead that it ideally meets the criterial of a new
antimalarial drug, was synthesized through asymmetric aza-Diels—Alder reaction.”® Paroxetine as one of the
antidepressant drugs was realized through a catalytic asymmetric Michael reaction.”® An enantioselective
sulfa-Michael-cyclization reaction provide a facile approach to antidepressant drug R-(-)-thiazesim. The
arylation process of oxindoles was conducted to get oxindole derivative which is used as an
antiproliferative agent for the treatment of cancer.” In addition, asymmetric vinylogous Mukaiyama aldol
reaction gave enantiomerically enriched 5-hydroxydec-2-enoate, which can be easily converted into
(R)-5-decalactone, and (4R, 6R, 10R, 12R)-verbalactone.*®

N
JC@N@ RS

/

NITD609 Paroxetine
antimalarial :l antidepressant
F
NF54 1C50 = 0.2 nM @ . Michael Reaction
aza-Diels-Alder Reaction £ ‘o O
(o} | . (o}
N—H H—
d @ O |ty
N.N'-Dioxide o 0
N O)\/éh)'%n'%"*u
(4R,6R,10R,12R)-verbalactone
antiproliferative agent antibacterial activity
o-Arylation Reaction Vinylogous Mukaiyama
71% yield, 94% ee Aldol Reactions

Figure 1. Asymmetric Synthesis of biologically active compounds

References:

[1] X.H.Liu, L. L. Lin, X. M. Feng, Org. Chem. Front., 2014, 1, 298.

[2] (a) H.F. Zheng, X. H. Liu, C. R. Xu, Y. Xia, L. L. Lin, X. M. Feng, Angew. Chem. Int. Ed. 2015, 54, 10958. (b) Y.
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Chem. Int. Ed. 2013, 52, 10245. (d) K. Fu, J. F. Zheng, L. L. Lin, X. M. Feng, Chem. Commun. 2015, 51, 3106.
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Chiral catalysts play a crucial role in the catalytic asymmetric synthesis. In last few decades many chiral
catalysts have been developed. However, most of the reported chiral catalysts showed high activity and
enantioselectivity for only limited reactions, sometime for only limited substrates. Very few chiral catalysts
provided satisfied activity and enantioselectivity for a wide range of asymmetric reactions. Recently, we
developed a type of chiral catalysts containing chiral spirobiindane ligands. The chiral spiro catalysts
exhibited excellent activity and enantioselectivity for wide range of reactions such as asymmetric
hydrogenation, carbon-carbon bond and carbon-heteroatom bond-forming reactions. This lecture will
present the syntheses of chiral spiro ligands and catalysts, and their applications in asymmetric
hydrogenations of olefins, ketones, and unsaturated acids, and asymmetric heteroatom-hydrogen bond
insertion reactions.
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Fascinated by the ability of natural photosynthetic systems to convert solar energy into chemical energy, the
scientific community long ago recognized the potential of light-driven reactions (photochemistry) as a
powerful approach to chemical synthesis. From the high energy intermediate generated by photoinduced
excitation of organic molecules, unique reaction manifolds can be accesses that are generally unavailable to
conventional thermal pathways. Thus photochemical reactions considerably enrich the synthetic repertoire
of modern organic chemists. Our group has long engaged in the photochemistry research related to the
photoinduced energy transfer, electron transfer and chemical transformation (Figure 1). In this presentation,
we will compile the following four stories to illustrate a few approaches that may be useful in the design of

artificial photosynthetic systems for chemical transformation.
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Figure 1. Artificial photosynthetic systems for chemical transformation
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From Simple Hydrocarbons to N-containing
Compounds through Nitrogenation Strategy

Ning Jiao (& T)
State Key Laboratory of Natural and Biomimetic Drugs, Peking University, Beijing 100191,
China
E-mail: jiaoning@bjmu.edu.cn; Homepage:  http://skinbd.bjmu.edu.cn/nj

Oxygen- or nitrogen-containing compounds are widely present in both natural products and synthetic
compounds, for example, they show up within functional materials, top-selling drugs, as well as bioactive
molecules. Thus, organic chemists have paid considerable attention in developing novel methodologies for
their preparation. To synthesize these compounds in a green and sustainable way, researchers have focused
on the direct functionalization of hydrocarbons via C—H and/or C—C bond cleavage. Although significant
progress have made in the direct functionalization of simple hydrocarbons, direct incorporation of O- or
N-atoms into the simple substrates via C—H and/or C—C bond cleavage remains challenging due to the inert
chemical bonds and the unstable character of some N-sources under oxidative conditions. By using
molecular oxygen' as oxygen source as well as azides as nitrogen source, we recently developed some
C-H/C-C bond oxygenation and nitrogenation reactions for the synthesis O- and/or N-containing
compounds.2 In this presentation, our recent progress on the direct nitrogenation of simple hydrocarbons
will be introduced.
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Substrate Activation Strategies in High-Valent
Metal-Catalyzed C-H Functionalization of Arenes
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Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023, P. R.
China
E-mail:xwli@dicp.ac.cn

C-H bond activation has been established as an increasingly important strategy in the synthesis of complex
structures owing to high step-economy and high efficiency. In recent years, high-valent transition metal
catalysts such as Rh(III), Ir(IlT), Co(IIl) and Ru(Il) have been extensively employed in functionalization of
a diverse array of sp® and sp° C-H bonds. Such rich chemistry is ascribable to the high polarity/reactivity
and unique properties of the corresponding M(II/III)-C bonds that can effectively interact with both polar
and non-polar coupling partners under oxidative or redox-neutral conditions." The efficient cooperation
between the metal catalyst, the directing group, and the coupling partner will be discussed in the context of
substrate activation. In particular, activation of the arene substrate allows weakly electrophilic2 directing
groups or oxidizing groups to function beyond their simple role of chelation assistance (directing effect).
On the other hand, activation of the coupling partner has been realized using umpolung,3 strained
rings/reactive rings,‘"5 and rearomatization, which allowed diversified C-C, C-N, and C-S functionalization,
especially under rather mild conditions.

Keywords: C-H activation, thodium, umpolung, heterofunctionalization
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The noble transition-metal (i.e., Pd, Ru, Rh, and Ir) catalysts play a dominant role in the stage of inert C—H
bond functionalization. Given the rarity of these transition metals, the development of novel, efficient, and
more economic catalysts is highly desirable. In this context, manganese might be a promising candidate for
new catalyst hunting. Manganese is the twelfth most abundant element in the earth’s crust, the richness of
which ranks the third after iron and titanium among all transition metals. Our efforts are mainly dedicated
to the development of catalytic transformations of C—H bonds promoted by manganese.'

Despite that stoichiometric cyclometalation reactions of MnR(CO)s (R = CH3;, Bn, etc.) have been well
documented,” significant challenges still remain to achieve an efficient catalytic turnover and further
develop new types of C—H transformations beyond the stoichiometric ones. Recently, we have achieved a
series of manganese-catalyzed aromatic C—H transformations by using new strategies.’

0 alkynes

O alkenes
C—H Mn-catalysis CcC—Q O aldehydes
7\ N 0 imines

O nitriles
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The C-H functionalization is a perennial topic of interest for organic chemists, it is a great challenging task
to accomplish highly selective C-H bond functionalization under mild conditions. In the past a few years,
the directed alkylation, cyanation, oxidation, amination, acylation and phosphonation of C-H bond were
realized in our laboratory, with transition metal (Au. Re. Rh. Cuetc.) catalysis or metal-free conditions.
With those transformation methods, different kind of heterocyclic compounds were effectively constructed

. 1
as shown in Scheme 1.
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Owing to its significant advances in energy-saving and environmentally benign features, visible-light
photoredox catalysis has witnessed rapid development and attracted considerable attention in both
academia and industry. The incorporation of a fluorinated group into organic molecules is particularly
intriguing because of its significant applications in the life sciences. Recently, our group achieved
visible-light-induced trifluromethylation and difluroalkylation with different kind of fluro reagents, several
kinds of fluorinated compounds were synthesized efficiently (Scheme 2). 2
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Our group in recent years exploited classical hydrogen bonding in asymmetric and regioselective
Heck-type reactions. We used trialkylammonium cations in glycol to promote ionization of neutral
arylpalladium halides, so as to access critical cationic species under mild conditions. This strategy has thus
allowed us to achieve new catalytic processes using aryl halides directly, including a) regioselective Heck
reaction of aliphatic olefins ; b) asymmetric intermolecular Heck reaction of aryl halides ; ¢) asymmetric
cyclization to form indanones."!

In our recent exploration of asymmetric palladium catalysis, we have detected rare examples of weak,
attractive CHeeeQ interaction as key stereocontrolling element in elementary carbon-carbon bond forming
processes, with the aid of high-level DFT calculations. The interaction is one type of weak hydrogen
bonding by definition and and it contributes about half to a few kealmol™ to stabilization of major transition
states leading to major enantiomers. Examples of this kind from our laboratory include a) enantioselective
arylation of lactones, b) arylation of ketones, ¢) and intramolecular reductive Heck reaction.””!
Furthermore, we observed similar roles played by the weak CHeeeO interaction in inducing
enantioselectiivty in other metal-catalyzed processes, such as d) copper-catalyzed conjugate addition of
enones using organoboroxines™ and e) nickel-catalyzed transfer hydrogenation of hydrazones. ¥ In all
of the examples above, conventional steric repulsion or close contact was not involved.
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N-Fluorobenzenesulfonimide: An Efficient Radical
Aminating Reagent’

Qian Zhang(J 1)
Department of Chemistry, Northeast Normal University, 5268 Renmin Street, Changchun

130024, P. R. China
E-mail:zhangq65 1 @nenu.edu.cn

The construction of C—N bond is of great importance because of the interesting and diverse biological
activities of nitrogen-containing compounds. N-Fluorobenzenesulfonimide (NFSI) is widely used as

™) to undergo electrophilic fluorinating reaction.' In addition, due to the relatively

fluoronium cation (“F
small N—F bond dissociation energy (63.1 kcal/mol in acetonitrile), NFSI could also be used as a radical
fluorine source to perform fluorination reactions.” Recently, NFSI*® was successfully used as a
nitrogen-centered radical reagent by our group for the first time.*® As a result, highly regio-selective
aminocyanation and diamination of styrene derivatives were realized.” In addition, aminooxygenation®
and aminofluorination®*® and oxidative-amination® reactions of C-C double bonds; aminoarylation3f and
aminative multifunctionalization reaction’® of C-C triple bonds were also developed. Details of these novel

radical amination reactions will be presented at the symposium.

. N/SO2Ph new radica
- aminating SO,Ph
'SO,Ph  reagent (o= T
SO,Ph

N-Fluorobenzenesulfonimi

Figure 1.
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Development of new chiral ligand is one of the most interesting topics in asymmetric catalysis. To date,
various chiral ligands such as phosphine, nitrogen, olefine ligands have been well developed in asymmetric
catalysis. However, till to the end of last century, the use of chiral sulfoxides as ligands in asymmetric
catalysis has remained relatively unexplored.""! During the past decade, our research interest was focusing
on the design of chiral sulfoxide ligands (Sulfoxide-Phosphines, Sulfoxide-Olefines and Bissulfoxides)
based on fert-butylsulfinyl moiety and these ligands demonstrate excellent perfomences in

.. . . 2-4
transition-metal-catalyzed asymmetric reactions.”*™
Ar
A NEWG A R)\/EWG
OR Nu
X + NuX
R1/\/§R2 u. R1/\)\R2
B-B i
X EWG o+ !
R R~ EWG
R
xR N '
Ry N2 + B-B + RX R1/'\{R2

X: SO, P, Olefin
M: Rh, Pd, Cu

Figure 1. Chiral sulfoxide ligands and aymmetric catalysis
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Cycloaddition reactions are particularly fascinating for straightforward building diverse cycles, which are
unique structural motifs presented in many biologically active natural products, and pharmaceuticals.
However, methods for the cycloaddition, especially hetero-annulation, with alkynes, are less abundant and
remain limited to the substrate scope with regard to both the n-atom units and the alkynes. In recent years,
we have developed some new cycloaddition strategies for the transformation of alkynes leading to various

valuable heterocycles (Figure 1).
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Figure 1. Hetero-Annulation with Alkynes
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Difunctionalization alkenes presents one of the most efficient methods to synthesize various vicinal
carbon-carbon and carbon-heteroatom bonds in a single step from simple precursors,which significantly
enhanced the molecular complex with excellent step-economical strategy. Among them, transition metal
catalysis have proven to be powerful tools. In the last several years, our efforts were focused on
difunctionalization of C=C bonds utilizing transition metal catalyst, ranged from intramolecular to
intermolecular reactions. We have developed two strategies for these transformation: (1) employing
high-valent palladium catalysis, a various intramolecular difunctionalization of alkenes have been
developed, such as aminofluorination, aminochlorination, aminohydroxylation as well as
aryltrifluoromethylation, etc. Those methods presented the most efficient way to synthesize various
heterocycles;!'™ (2) developing a new strategy by combination of radical chemistry and organometallic
chemistry, a various of copper-catalyzed difunctionalizaiton of alkenes have been discovered, such as
azido-, cyano-, thio- and aryltrifluoromethylations. In these reaction, the selectivity of radical chemistry can
be controlled by metal complex by tuning ligand."”!
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From intramolecular to intermolecular reaction
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Visible-light photocatalysis has recently received increasing attention from chemists because of its wide
application in organic synthesis and its significance for sustainable chemistry. This catalytic strategy
enables the generation of various reactive species, frequently without stoichiometric activation reagents
under mild reaction conditions. Manipulation of these reactive intermediates can result in numerous
synthetically useful bond formations in a controllable manner. Recently, we have successfully achieved
some useful transformations of readily available starting materials under the irradiation of visible light in
the presence of photocatalysts. These methods can be used in the synthesis of many useful heterocyclic
motifs, which are widely presented in nature products and pharmaceutic agents.

Visible Light
Photocatalysis
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Visible-Light Photoreactor Visible-Light Photoreactor
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Addition to 3. arenes; 4. alkanes Activation of
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Figure 1. An overview of our research on visible light photocatalysis
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The design and synthesis of m-conjugated organic molecules are one of the most important research
contents of organic chemistry and are also a source of innovation for molecular materials and devices. The
development of straightforward accesses to organic functional materials through C—H activation is a
revolutionary trend in organic synthesis. Our research aims to offer the chemical basis for the construction
of organic photoelectric molecules through the development of highly efficient and selective
transformations of C—H bonds. In recent years, we have successfully developed a number of synthetically
challenging m-conjugated structures, especially the frameworks that are difficult to access by common
synthetic disconnections without C-H activation tactics. Furthermore, we have also explored their
applications in organic photoelectric materials such as organic photovoltaic, electroluminescence, field
effect transistor, biosensing and piezochromism. The highly efficient routes to diverse organic photoelectric
molecules developed by us have well exemplified the great charm of C—H activation and would finally
boost the development of the organic optoelectronic materials.
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Figure 1. Strategy for the construction of n-conjugated organic molecules
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Transition Metal Catalyzed Regioselective Cage B-H Activation
and Functionalization of 0-Carboranes

Yangjian Quan (O 0 O) Zuowei Xie @ 00O
Department of Chemistry and State Key Laboratory of Synthetic Chemistry, The Chinese
University of Hong Kong, Hong Kong, China
E-mail: yjquan@cuhk.edu.hk; Homepage:
http://'www.cuhk.edu.hk/research/xie_lab/index.html

Carboranes are a class of polyhedral boron hydride clusters in which one or more of the BH vertices are
replaced by CH units, which can be viewed as three-dimensional relatives of benzene. They are finding
many applications in medicine, supramolecular design, coordination/organometallic chemistry and very
recent optoelectronic functional materials. The special 3D structure of o-carboranes make their
derivatization difficult especially at cage boron positions, majorly owing to the selectivity issue resulting
from total ten B-H bonds in four different electronic environments. Thus, we are interested in developing
new methodologies for the functionalization of o-carboranes via direct and selective cage B-H activation.

With the help of a traceless directing group —COOH, transition metal catalyzed cage
B(4)-alkenylation,!"  B(4,5)-dialkenylation,"™  B(4,5)-diarylation!’! and B(4)-alkynylation!'! of
o-carboranes have been achieved. The directing group not only plays a key role in regioselectivity and
mono-/di-selectivity of the reactions, but also is removable after the reaction. The resultant new cage

B-substituted o-carborane derivatives may find some applications in materials.

RZ

RZ AN M/R2
H

H

o ~

R R2 & o, ?é\ow R
direct B(4)-alkenylation ?/ Ca" direct B(4,5)-dialkenylation

g \ COOH RZ -

[}
o % p
oP‘
é

direct B(4)- a/kynylat/on direct B(4,5)- d/ary/atfon
Scheme 1. Transition metal catalyzed direct and selective cage B(4,5)-H activation of o-carboranes
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Applications of Peroxides as Alkylating Reagents in
Cross Coupling Reactions’

Liang Ge (U U), Wujun Jian(U U U ), Huan Zhou(Ul U ),Shaowei Chen(U U U ), Changqing
Ye(UU U O), Fei Yu(U U ), Kaki Raveendra Babu, Hongli Bao (I U [J )**

Key Laboratory of Coal to Ethylene Glycol and Its Related Technology, State Key Laboratory
of Structural Chemistry, Fujian Institute of Research on the Structure of Matter, University of
Chinese Academy of Sciences, 155 Yangqgiao Road West, Fuzhou, Fujian 350002, P. R.
China.

E-mail: hibao@fjirsm.ac.cn; Homepage: http://www.escience.cn/people/honglibao/index.html

Peresters and diacyl peroxides are cheap chemicals commonly used in industry and academia as oxidants or
radical initiators. Nevertheless, the utilization of peroxides as alkylating reagents was underexplored and
there were very few documented examples so far to our knowledge.

Here we would like to report applications of peresters and diacyl peroxides as alkylating reagents in cross
coupling reactions, including Heck-type reaction, Sonogashira reaction and other reactions. '
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Figure 1. Applications of peroxides as alkylating reagents in cross coupling reactions
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Figure-1 (a) Template-directed synthesis of porphyrin cages and nanorings, (b) controlled self-assembly
of 2D and 3D chiral self-assemblies, and (c) supramolecular chiral catalysts and their applications.
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China
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Radical involved cross-coupling has recently emerged as a powerful tool for the construction of C-C
bonds.!"! However, the developed radical involved C-C bond formation reactions largely rely on the radical
addition to unsaturated bonds. It is difficult to achieve selective radical C(sp’)-C(sp) cross-coupling with
terminal alkynes.

Here we would like to report a series of radical C(sp’)-C(sp) cross-coupling with terminal alkynes by
utilizing a multimetallic oxidative radical alkynylation reaction strategy.!") Unactivated alkyl radical, benzyl
radical, tetrahydrofuran methyl radical, methyl radical and a-cyano alkyl radical are all able to couple with
terminal alkynes by judicious selection of the catalyst combination. This work offers an efficient alternative

process for achieving direct alkynylation of terminal alkynes besides traditional Sonogashira coupling.
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Figure 1. Oxiative Radical C(sp®)-C(sp) cross-coupling with terminal alkynes.
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Nickel-Mediated Carbon—Carbon Coupling
Reactions

Huan Cong (L UJ )**

Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, Beijing 100190,
China
E-mail: hcong@mail.ipc.ac.cn

Nickel-mediated carbon—carbon coupling reactions represent an important strategy to efficiently construct
complex molecules. The first part entails the research completed during my postdoctoral training in
Professor Gregory Fu’s laboratory at MIT and Caltech. We have developed two distinct variations of
nickel-catalyzed asymmetric cross-couplings, namely the tandem cyclization-coupling of nucleophiles
bearing a pendent olefin''! and the decarboxylative coupling of amino acids'*. The second part focuses on
the synthesis of highly strained carbon nanomaterials, an ongoing project in my independent research group
at Chinese Academy of Sciences. The key synthetic designs feature rigid anthracene photodimer synthon,
late-stage ring expansion through cycloreversion, and high-yielding macrocycle formation via
nickel-facilitated Yamamoto coupling™™.
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Synthesis of a-Arylglycines from Aromatic Imines
and Carbon Dioxide via Umpolung Carboxylation
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State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116024, P.
R. China

E-mail:zhangwz@dlut.edu.cn

As a class of non-proteinogenic a-amino acids, a-arylglycine is a key structural unit presented in a vast
array ofimportant biologically active compounds."! Synthesis of a-amino acids using carbon dioxide
(COy)as a carboxyl source represents a highly attractive route since CO,is an abundant, non-toxic and
renewable C1 feedstock.”) Herein we describe a straightforward and transition-metal-free approach for the
efficient synthesis of a-arylglycine derivatives from aromatic imines and CO,viaumpolung carboxylation
reaction. Various substituted diphenylmethimines underwent the carboxylation smoothly with CO; in the
presence of potassium fert-butoxide and 18-crown-6 to give the corresponding carboxylated products in
good to high yields. Besides the enhancement of solubility of potassiumzers-butoxide in THF, 18-crown-6
also plays key roles in suppressingreverse protonation or 1, 3-proton shift isomerization as well as
stabilizing the carboxylated intermediate.
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Figure 1. KO'Bu/18-crown-6 mediated carboxylation of imines with carbon dioxide
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Qiuling Song (I U U )
Institute of Next Generation Matter Transformation, College of Chemical Engineering at
Huagiao University, Xiamen, Fujian, 361021
E-mail: gsong@hqu.edu.cn

Diboron compounds, especially (pinacol)diboron, are very important borylating reagents, which are widely
employed in organic synthesis for the preparation of a myriad of organoboron compounds, since
organoboronates are prevalent building blocks in organic synthesis and pharmaceutical industries.
Numerous transition-metal catalyzed cross-coupling with organoboron as coupling partners have been
developed and in a word, boron chemistry is one of the long-lasting themes in organic chemistry since its
birth. Despite these advancements, surprisingly and interestingly, reductive property of diboron compounds
and protodeboration reaction are underdeveloped and very few attentions have been focused on these topics.
In this presentation, several useful and efficient methods have been developed based on the reductive
property of diboron compounds as well as Domino-Borylation-Protodeboration (DBP reaction) strategy and
thus a new role of diboron compounds is established in organic synthesis.
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Computational Studies on Mechanism and Origins of Selectivity
in Ni-mediated C-O and C-N Activations’
Xin Hong (7t3%) "

Department of Chemistry, Zhejiang University, Hangzhou 310027, P. R. China
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Computation has joined all aspects of chemistry today, and the collaboration between experiment and
computation is one of the key driving forces that push the frontiers of science. In this talk, T will first
discuss the mechanism and origins of the ligand-controlled selectivity in Ni-catalyzed C-O activations of

aryl esters!!)

. The intrinsic differences between monodentate and bidentate phosphine ligands in
Ni-mediated C-O activations will be elucidated through distortion-interaction model”’. Based on the
mechanistic understandings of Ni-mediated C-O activations with phosphine ligands, the joint force of
computation and experiment that leads to [Ni(NHC)]-catalyzed controlled transformation between ester and

amide will be mentioned™.

+ [
PCys NI {;3,_‘;:/\/ PCy,
O
Cland}—Q 4 Clacyl)-0
activation Méio}ékgrz activation
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Figure 1. Ligand-controlled chemoselectivity in Ni-mediated C-O activations of aryl esters with phosphine

ligands.
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In last few years, gold revealed more and more unique properties in carbene chemistry.[l] Last year, we
disclosed that the gold carbenes have an unprecedented chemo- and site-selectivity and ligand effect toward
the functionalization of C-H bond of phenol.’” In order to further understand the origin of this unique
transformation, we report a comprehensively combined theoretical and experimental study on the
mechanism of the insertion of gold carbenes into the C-H and O-H bonds in phenol.”) Moreover, this
methodology is useful in organic synthesis, late-stage modification of natural products and design of
domino reactions.'**! Recently, we also realized the ortho-selective C-H functionalization of phenols.'
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Figure-1 Heterocycles formation via CO, utilization
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Figure-1. Copper catalyzed selective transformation of P-H/C-H bonds
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Synthesis of Planar Chiral Ferrocenes via
Palladium-Catalyzed C-H Bond Activation

Chao Pi (0 0O), Xiuling Cui (O 0 0) ™, Yangjie Wu (00O 0)"
Department of Chemistry, Zhengzhou University, Zhengzhou, 450052, P. R. China
E-mail: cuixl@zzu.edu.cn,wyj@ zzu.edu.cn

Planar chiral ferrocenes have received great attention in view of their increasing importance in the fields of
asymmetric catalysis, enantioselective synthesis, and materials science.!"! They have been widely used as
privileged scaffolds for the synthesis of efficient ligands and catalysts. A widely used method is
diastereoselective directed ortho-metalation reactions of ferrocenes with central chirality. Enantioselective
directed ortho-metalation reactions have also been disclosed to introduce planar chirality into non-chiral
ferrocenes. Both of these methods need stoichiometric chiral auxiliaries or chiral ligands to control the

selectivity, and organolithium reagents are required as a strong base in these reactions.

Here we had developed efficient routes towards synthesis of planar chiral ferrocenes through a
palladium-catalyzed C-H bond activation of N,N-dimethylaminomethylferrocene with alkyne, alkene, and
diketone.”” All of the reactions are essentially the desymmetrization of cyclopentadiene rings in ferrocene
by enantioselective C-H activation. Palladium-catalyzed enantioselective C-H activation has emerged as a
simple, convenient, and efficient tool to synthesize planar chiral ferrocenes.

I
N

o) ~ SN {Doubule C-H activation] N
) Pd(OAC), /\? -, /??
~Ac-L-Phe-OF H® Fe > —/" Fe
R = Ac-L-Phe-OH @ Pd(OAC)z
Boc-L-Phe-OH

@ R./— = R4(Redox _ 17 examples
1@%@ \s up to 98% yield

>99% ee

Figure 1. Synthetic strategy to Planar chiral ferrocenes
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[1] (a) Ferrocenes (Eds.: T. Hayashi, A. Togni), VCH, Weinheim, 1995. (b) Chiral Ferrocenes in Asymmetric Catalysis (Eds.:
L.-X. Dai, X.-L. Hou), Wiley-VCH, Weinheim, 2010.
[2] (a) C. Pi, Y. Li, X. Cui, H. Zhang, Y. Wu, Chem. Sci. 2013, 4, 2675. (b) C. Pi, X. Cui, X. Liu, M. Guo, H. Zhang, Y. Wu,
Org. Lett. 2014, 16, 5164. (c) H. Zhang, X. Cui, X. Yao, H. Wang, Y. Wu, Org. Lett. 2012, 14, 3012.
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Cobalt-Catalyzed Chemodivergent Transfer
Hydrogenation of Nitriles
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The catalytic reduction of nitriles represents an efficient and green one-step synthesis of valuable amine
products.''! However, there is a crucial selectivity problem for this reaction due to the formation of mixtures
of primary amines, secondary amines, imines'”) and even tertiary amines. Within these possibilities, the
selective synthesis of a certain amine product constitutes a particular challenge, expecially for secondary
and tertiary amines.

On the other hand, Nitriles are conventionally reduced using stoichiometric amounts of sensitive metal
hydrides, which suffers from waste production and low functional group tolerance. Clearly, the catalytic
hydrogenation of nitriles is a more sustainable synthetic route.

In line of our interests in the development of novel cobalt catalysts for transfer hydrogenation reactions,!
herein we describe the first cobalt catalyzed transfer hydrogenation of nitriles for a chemodivergent
synthesis of primary and secondary amines.””! The selectivity control was achieved by using different
solvents and cobalt catalysts. Moreover, a reductive amination of nitriles has been also realized in the
presence of various amine substrates to produce unsymmetric secondary and tertiary amines (Figure 1).

o~ Co-l R—=N Co-ll RSN

R NH + N R
2 Hexane, 50 °C | N B, HFIP, RT H
~.-R! Co-ll Co-ll ~_._R?
R™ N 1R2 1 R™ N
R2 R'R2NH, RT R'NH,, RT H

> 70 examples

> TON
&N—Co pt‘Bu2 N Co PtBu2 .2000 (0] .

Highly selective

Mild conditions

Co-I Co-ll

Figure 1: Cobalt-catalyzed Transfer Hydrogenation and Reductive Amination of Nitriles
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Our group has focused on a single metal induced cage B—H functionalization of carborane.!"! In this
strategy, the B—H bond of carborane at sites close to metal atom can be activated accompanied by a
formation of M—B bond. In many cases, M—B bonds are stable enough and prevent further chemical
transformations, which is different from traditional M—C bond. The narrow scopes of substrates and
difficult further chemical transformations of intermediates containing a M—B bond constitute major
problems in a single-metal system. Therefore, we propose to use metal-metal cooperativity which may
lower energy barrier for the redox pathway of B—H activation and B—X bond formation. Here we report
B—Cl bond formation using bimetallic system and provide mechanistic evidence for B—H activation
through metal-metal redox synergy. >
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2013, 735, 11289.
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Constructing New Chemical Bonds via Transition
Metal Catalyzed C—H Activation and
Functionalization”

Hongji Li (D0 0), Pinhua Li(Q 0 0), Lei Wang (D 0O)"
Department of Chemistry, Huaibei Normal University, Huaibei, Anhui, 235000, P. R. China
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Organic reactions that involve transition metal-catalyzed direct functionalization of non-activated C(sp®)-H
bonds represent one of the attractive transformations, which offer significant advantages over the common
couplings in terms of atom- and step-economy.'"! Following the understanding of mechanistic aspects of
C-H activation by transition metal catalysis, great efforts in our laboratory focused on the development of
new protocols for the synthesis of potentially useful organic molecules (Following Scheme). ! Early in
2013, we found “N=N" serving as a very good directing group can well coordinate with transition metals,
such as Pd, Ru and Rh, to form active species for versatile couplings. These examples of ortho C—H
functionalization of azobenzenes mainly include acylation, vinylation, alkylation, heteroarylation and
amination, which provide new approaches for the synthesis of complex azo molecules. Based on the C-H
activation, a new decarboxylative strategy was successfully used for the Ru-catalyzed cyclization of a-keto
acids with unsaturated alkenes or alkynes, in which high regioselectivity and good group tolerance was
observed.
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Li, P. Li, Q. Zhao, L. Wang, Chem. Commun. 2013, 49, 9170. (d) H. Li, X. Xie, L. Wang, Chem. Commun. 2014, 50, 4128.
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Pd-Catalyzed Coupling Reaction of Azide
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Zhenhua Zhang (0 O O )

Department of Applied Chemistry, China Agricultural University, Beijing 100193, P. R.
China
E-mail: zhangzhh@cau.edu.cn

Transition-metal-catalyzed selective C—N bond formation of azides via a highly reactive metal—nitrene
intermediate has attracted great attention recently due to its apparent synthetic value for assembling diverse
N-containing functional molecules. Conventional transformations involve C—H amination and aziridination,
which are usually catalyzed by Rh, Ru, Fe, Ir, etc.

Here we would like to report a Pd-catalyzed coupling reaction between azide and G-donor / m-acceptor
ligand, CO and isocyanide, to construct active isocyanate / carbodiimide intermediate. In Pd(II) catalyzed
carbonylation of sulfonylazides, which provides a new approach to sulfonylureas, the generation of a
bridged bimetallic palladium species derived from the product sulfonylurea is disclosed as the crucial step
for the catalytic cycle."! For aliphatic and aromatic azides, simple Pd/C could catalyze the
cross-carbonylation of azides with amines to give unsymmetric ureas.”” In addition, Pd-catalyzed efficient
cross-coupling of azides with isocyanides is also developed, providing a general synthetic route to
unsymmetric carbodiimides. A tandem amine insertion cascade to obtain unsymmetric trisubstituted
guanidines has been achieved in a one-pot fashion."!

R'-S0,CI N, N
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co bzalloon /‘ 7 . Re alkyl—Ns /ﬁ)\ 1
NaN; - R N7 N H cat. Pd/C 1‘ R. _.R
. H,0 (5 equiv), MeCN H |IQ2 benzyl—Nz + 1/N\ 5 N N
H . 36 examples R R® €O balloon ; R?
r2 Nge ( o_Pgd_D M= MoCN | 86-98% yield aryl—Ns
N=Pd=0 R = alkyl, benzyl, or aryl, 47 examples
: M Product-assembled up to 98% vyield
M Real Catalyst
N
R1_N:§: cat. R2\ JPEEN
Pd(PEh3)s / one-pot N N
+ R'-N=C=N-R? | ———— g1 Il g3 or \\NJLN,R3
B 0 R3-NH; N~ "N’
N rt or 50 °C H H 1 H
R2-N=C 47 examples R
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reactions of homopropargylic amine with
electron-rich olefins
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The State Key Laboratory and Institute of Elemento-Organic Chemistry, Nankai University,
Tianjin Collaborative Innovation Center of Chemical Science and Engineering (Tianjin),
Tianjin 300071, China
E-mail: lijing@nankai.edu.cn; liulingyan@nankai.edu.cn

Hydroamination of alkynes through an intra- or intermolecule is an array of important reactions for the
construction of natural products and pharmaceuticals. The noble metal gold'* or Pt complexes display
unique behavior towards unactivated alkynes. Our group has recently developed a novel cascade
cyclization reaction of homopropargylic amines catalyzed by copper (Scheme 1). This reaction leads to the
formation of a tetracyclic framework 1), And Intermediate I can only act as a 2C synthon to react with
additional simple imines (acting as 4C synthon) via a Povarov reaction to form a series of
hexahydro-/H-pyrrolo[3,2-c]quinoline derivatives in good to high yields ™. Intriguingly by this, we herein
developed a novel cascade reaction of homopropargylic amine with electron-rich olefins, such as
2,3-dihydrofuran, 3,4-2H-dihydropyran, N-Ts cycloenamine to give the fused heterocycles 2-4 in moderate
to high yields, respectively. Notably, a key intermediate was involved, the intermediate II formed through
an isomerization of intermediate I. And the inhibition of a competitive self-dimerization of
homopropargylic amines remains a great challenge.

N X0
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Y R’
R 2
3 D—Ph Homopropargylic amine cross-coupling
cross-coupling N
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Ar
Ar N N Ar
(Y (J )
Ts " 4 !
R R Qw : 1
' 1 | Key Intermediates
cross-coupling homo-coupling . J

Scheme 1. Divergent cascade reactions of homopropargylic amines with electron-rich olefins
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Stimuli-responsive compounds are important functional materials that are useful in a wide range of
applications including chemical sensing, molecular machines, optoelectronic devices, energy conversion
and storage, drug delivery, and medical diagnosis and treatment. Redox-responsive compounds are a
special type of responsive materials, which display reversible changes among different redox states in
response to electrochemical potential or chemical oxidants or reductants. They are characterized by easy

operation, high sensitivity, and good reversibility, etc.

Polypyridine transition-metal complexes are important functional materials that have been widely used in
various optoelectronic applications. However, normal polypyridine complexes have rather high oxidation
potentials, which make them disadvantageous as redox-responsive materials. Here we would like to report
an efficient molecular design strategy based on Ru-C bond, which has been used to prepare a series of
redox-responsive organometallic materials with one, two, three, or four redox-active sites (Figure 1)!'\. The
applications of these materials in near-infrared electrochromism, molecular logic gates, and molecular

electronics will be discussed?.

Figure 1. Redox-responsive cyclometalated ruthenium complexes with multiple redox-active sites
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Aromaticity, one of the most fundamental concepts in chemistry, has attracted considerable attention from
both theoreticians and experimentalists. However, besides metallabenzenes, other transition metal-involved
aromatics are less developed. Here, we report the magic rule of transition metals in several
metallaaromatics by density functional theory calculations. Specifically, Craig-type Mdbius aromaticity
was first determined in osmapentalynes. The incorporation of the osmium centre not only reduces the ring
strain of the parent pentalyne, but also converts its Hiickel anti-aromaticity into Craig-type Mobius
aromaticity in the metallapentalynes."! Secondly, the transition metal fragments also make both 16 and 18¢
osmapentalenesMobius aromatic, indicating that the aromaticity in osmapentalyne is rooted in
osmapentalenes.” Thirdly, the transition metal could “kill two birds with one stone” in stabilization of
two classical antiaromatic frameworks, cyclobutadiene and pentalene.”’ Fourthly, an introduction of a
transition metal leads to G-aromaticity first dominating in an unsaturated ring.!”! Last but not least, the
incorporation of the transition metal substituents can not only convert non-aromaticity in the parent
indolium into aromaticity, but also outperform the traditional main group elements.” All these findings
show a magic power of transition metals originating from participation of more electrons from d orbitals in
aromaticity rather than one electron for the carbon atom, opening an avenue to the design of novel

metalla-aromatics.
[M] = Transition Metal Fragment

/[M] \

N\ X

c-Aromaticity

N,
The Magic of M i
L Hyperconjugative
Transition Metals) Aromaticity

N A o
N\ "N "N

Mobius Aromaticity

Figure 1. Schematic illustration of the magic role of transition metals in unconventional aromaticity
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Figure. 1 The hydrosilylation of allene via Pd and N1 catalysts with small and bulky NHC ligands.
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Figure 2. Mechanisms and reactivity differences for cycloaddltlon of anhydrlde to alkyne catalyzed by
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Unactivated alkenes represent excellent building blocks for chemical synthesis, thus providing an
exceptional opportunity for the construction of complex molecules. The selective addition of both carbon -
and heteroatom - centered radicals to unactivated alkenes represents an exceptionally efficient way for the
direct functionalization of such alkenes.!"! Although great endeavors have been devoted to various racemic
versions of radical functionalization of alkenes, the development of catalytic asymmetric methods has
proven a formidable challenge largely due to the intrinsic reactivity of the involved odd-electron species.”
To address this challenge and as part of our continued interest in the area of radical chemistry”® and
asymmetric catalysis,”" we have successfully developed some dual-catalytic asymmetric strategies for both
asymmetric radical 1,2-difunctionalization of alkenes and novel enantioselective remote C-H/C bond
functionalization triggered by radical addition of alkenes/alkynes (Figure 1).
RRY
¢y
R®

l asymmetric

. transformations
Y R2 asymmetric 2 R?_ .
\[ ]*/\R 1,2-difunctionalization R\[ T\R C-Y cleavage I j*/\R ,,,,,,,, -
X X ) G =

R? = NHR, OR, C(O)R, etc
Y =H, C, X, etc

Figure 1. Our strategy
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N-O bond compounds such as O-aryloxime or O-alkenyloxime ethers, nitrones and N-oxides, are important
functional groups in various natural products, pharmaceuticals, and molecular drug design. Due to the N-O
bond always acts as ambident nucleophiles (O- or N- nucleophile), the construction of N-O bond
compounds by arylation or alkenylation was attracted much attention. These compounds have been
successfully applied in to 1,3-rearrangement, 3,3-rearrangement, 2,3-rearrangement, C-H activation, radical
trapping reaction or relative transformations.'"!

Metal-free strategy to construct N-O bond compounds by direct N- or O-arylation with diaryliodonium salts
was developed in our group in recent years.”) Here we would like to present a copper-promoted
alkenylation of N-O bonds with alkenyl boronic acids. We found that direct N- or O-alkenylation of N-O
bonds could be controlled by copper catalysts under mild conditions. DFT calculations revealed that the
direct N-alkenylation was favourable from reductive elimination of Cu(IIl) species. N-Oxides, N-alkenyl
nitrones, and a-amino ketones could be easily obtained in this strategy.
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N\ N\
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N N upto 97% yields
\ \

Cu(OAc),, pyridine
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Figure 1. Copper-promoted N- or O-alkenylation of N-O bonds
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