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Utilization of Sulfoxonium Ylides and Anthranils in Transition Metal-

Catalyzed C- H Activation/Annulation Reaction
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Transition metal-catalyzed carbene and nitrene transfer reactions have been used
extensively as tools to construct carbon and nitrogen containing scaffold using various
directing groups including isoxazoles, dioxazolones, azides, iodonium ylides, diazo
compounds, etc. Amongst these, sulfoxonium ylides and anthranils have been used
as traceless directing groups and investigated as safer alternatives carbene and
nitrene precursor of above compounds for carbenoid and nitrenoid transfer reactions.
Until now, limited groups have disclosed the utilization of sulfoxonium ylides and
anthranils in C- H activation reactions. However, utilization of sulfoxonium ylides and
anthranils as alternative carbene and nitrene precursors or traceless directing groups
under Cp*Co(lll) and Ru(ll)-catalysis is rather finite. We attempted to demonstrated
Cp*Co(lll)-catalyzed [4+1] C-H functionalization/annulation cascade between
sulfoxonium ylide and anthranil towards synthesis of indoloindolone derivatives.
Moreover, we could also display free amine directed Ru(ll)-catalyzed redox-neutral

[4+2] C- H activation/annulation of sulfoxonium ylides with benzylamines.

Keywords: Sulfoxonium ylides, Anthranils, Benzylamines, Ci H Activation, Cobalt,

Ruthenium.
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Herein, we report a supramolecular system consisting of iron phthalocyanine and
chiral templates (10 derivatives) for highly enantioselective C-H amination. This
system was applied to a range of C-H bond substrates, yielding C-H aminated
products at moderate yield and high enantioselectivity (16 intermolecular examples,
10 intramolecular examples, conversion up to 70%, yield up to 98%, e.r. up to 98:2).
Mechanistic studies (KIE and racemization of stereogenic centers) suggest a
stepwise reaction with iron-nitrenoid intermediates. The supramolecular self-assembly
mechanism was examined with 'H NMR, UV, 2D NMR and CD spectroscopic
techniques. GFN2-xTB computational models were optimized and proposed for the

optimum Fe-1-T2h2 structure.
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Herein, we report the synthesis of a
novel Pd cluster stabilized by iPr

phosphinidene (PR), ligands species ™ F|)>p<© v 2Paydba), —29Co 6 5 Pay(PDID),
analogous of nitrenes and carbenes.? ™" .

When organocyclophosphine C}Pr

compound (PDip)s reacts with 2 . -
equivalents of Pdx(dba)s, (Figure 1) =~ dUT esint h e P Bdcd yu s
an insertion reaction takes place, affording the previously unreported [Pds(PDip)s]
cluster. The X-ray structure of the Pds cluster (Figure 2) exhibits a cubic core, where
each phosphinidene unit binds four Pd centers, placed at the vertexes of the cube. If,
instead of Pd2(dba)s, a (Py)Pd(CAAC) complex is
exploited as starting reagent, other insertion products
can be obtained, such as [(Py)2Pd(PsDip3)] or
[(PsDip3)(PyPd)2(P2Dip2)], reported in Figure 3. In
these products, P-P bonds are still present in the
ligand moieties derived from (PDip)s, in contrast with
the Pds cluster. It is possible to tune the synthesis
towards different products, changing the reagent
stoichiometry and the reaction conditions. For

iPr

\ instance, when the molar ratio
Figur erX®2y st r [(PDip)l[(Py)Pd(CAAC)] is 1:4, the Pds cluster is
Pd( PDdcpl)ust er again obtained. From the X-ray structure of the

cluster, it is possible to note that the Pd centers are
coordinatively unsaturated, in contrast with similar Ni clusters obtained with the same
method.? Consequently, it is
possible to further functionalize
the cluster by adding 2,6-
xylylisocyanide (CNPh). The
NMR characterization of the
isocyanide-stabilized cluster
highlights the presence of four
CNPhs anchored to the core,

[(Py),Pd(P3Dip;)] [(P3Dips)(PyPd),(P.Dip,)]

ikelv form t.IFlgureCAFAoC(O) compl ex u
Iet¥ orm_ltng a symrlnenca and-r Xy structures of C (
motit_ on 1L, Since only On€ ;4 o eactien with (PDip

shifted singlet is evident in the
31P NMR spectrum.
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Crambescins are cyclic guanidine alkaloids of marine origin (Marine Sponge Crambe
crambe) that exhibit notable biological activities.” Two new members from this family
of natural products, Crambescins B281 and B253, were recently isolated at ICSN by
the group of Dr. J. Ouazzani and Dr. G. Le Goff2 Interestingly, these potent
antibacterial products display a spirocyclic motif that combines a tetrahydrofurane ring
with a cyclic guanidine deriving from a 1,3-diamine unit.

With the aim to perform SAR studies and determine the functional groups responsible
for the antibacterial activity of Crambescins B 281 et B 253, we proposed a
retrosynthetic analysis likely to give access to a large variety of analogues of the
natural products. The strategy relies on two key steps of rhodium(ll)-catalyzed
intramolecular C(sp®)-H amination in the presence of an iodine(lll)oxidant for the
formation of the 1,3-diamine unit.® The first reaction involves a sulfamate and raises
the question of the site-selectivity, an issue that was addressed by screening the
reaction parameters. The second reaction is performed from a sulfamide. In this
communication, we will present our synthetic strategy for the preparation of
Crambescins B281 and B253, and then will discuss the optimization of both catalytic
intramolecular C-H amination reactions.

1) First intramolecular C(sp®)-H amination with a sulfamate
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Despite the fact that alkanes CnH2n+2 are inexpensive and available raw materials, their
conversion into value-added compounds remains a challenge due to their chemical
inertness (high bond dissociation energies and low C-H bond polarity, particularly the
gaseous members of the series.[1] Among the synthetic strategies, the catalytic
functionalization of C-H bonds via carbene insertion from a diazo reagent or its
precursors is one the most developed in homogeneous conditions.[2] However, the
examples of different catalytic systems capable of inducing selective functionalization
toward a specific C-H bond in alkanes are still scarce.[3]

Our research group has reported a series of silver complexes bearing
hydrotrispyrazolylborate ligands (Tp*) as efficient catalysts for the functionalization of
Csp3-H bonds via carbene insertion,[4] including the regioselective functionalization of
linear alkanes.[5] In this contribution, we expand the use of this methodology to
gaseous alkanes employing donor-acceptor aryl diazocompounds.

N, n
H
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R R

propane, butane
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Designing site-selective C(sp®)i H functionalization reactions is a significant challenge
in organic synthesis, with broad implications for pharmaceutical and agrochemical
research.ll’ A first approach to meet this goal relies on directed functionalization
reactions through the use of coordinating groups or intramolecular reactions. Though
efficient in many cases, directed functionalization reactions can suffer from limitations
such as low substrate scope, poor reactivity, and the requirement for specific
functional groups. A second strategy to control the site-selectivity is to rely on the
innate reactivity of the substrate, particularly by playing with the C-H bond
dissociation energies (BDEs).[?l Again, limitations in terms of scope are often met.
Moreover, many C-H bonds remain inaccessible with the application of both
approaches. Catalyst-controlled site-selective C(sp®)-H functionalization reactions is a
third strategy that has recently emerged to go beyond the limitations of substrate-
controlled reactions !

In this context, our group recently initiated studies!® to address the issue of the
selective intermolecular amination of unactivated secondary (BDE of 100 kcal.mol?)
C(sp®) 1 bbnds in the presence of an activated benzylic site (BDE of 85 kcal.mol'?).
In this communication, we thus will describe the discovery of a highly discriminating
rhodium-bound nitrene species resulting from the synergistic combination of a
dirhodium(ll) complex and a sulfamate.’) The use of these reagents allows for
selective conversion of secondary C(sp3) T bbnds to afford U , -disubstituted amides,
with high yields and good regioselectivity. The scope of these reactions, including
their application to the late-stage functionalization and their potential extension to the
stereoselective amination, will be discussed.

Catalyst & reagent controled

C-H functionalization F, F
BDEC-H=H R M B H R F (O]
85 Kcal.mol"! e r H
X . O\\ //0 Rh,(S-tfpttl), XN F N j:t-Bu
RT S - ™ Ry o]
Z H 0~ "NH, Oxidant Z NHdBCrs 07> o
BDE C-H = | |
100 Kcal.mol"! Br 35 examples —Rp’—l}p’-

45% to 91% yield
up to 2nd°:B >30:1 Rh,(S-tfpttl),
up to 97% ee
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The enantioselective gold(l)-catalyzed alkoxycyclization of 1-bromo-1,6-enynes was
achieved using a modified JohnPhos ligand with a distal C2-2,5-diarylpyrrolidine
previously designed in our group.!¥ Different alcohols could be used as nucleophiles
in the formal 5-exo-dig cyclization of 1-bromo-1,6-enynes. At lower concentrations of
alcohol, the elimination product was also formed with a lower enantiomeric excess
than that of the alkoxycyclization product. Moreover, the er of the latter results to be
strictly dependent on the amount of nucleophile. Control experiments and DFT
calculations performed first on bromoenynes and then with other internal alkynes
support the hypothesis of an in-cycle racemization process through cyclopropyl-
gold(l) carbene intermediates,[? which shed light on the mechanism of gold(l)-

catalyzed cyclizations of enynes.

Simplified Mechanism 2:

TS1-2
[r——
,’I 4.7 \‘
LA, __Br S-exo-dig
> + cyclization
2Z ; Y \
— M
0.0 y
A \
Int1
—/'
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Au H
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Me’O‘H"O\H
Elimination
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Int4

Y
cyclopropy! gold(l)

TS2-5
[ —
, -3.4
.~ Racemization *\_
pathway
\—
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LAu Br LAu
/ Br
!
6Me —
H 1
Int3
H
Methanol attack é gi
Me/ S H Py H

Int5

2L = PMes. DFT calculations performed with B3LYP/6-31G(d) (C, H, P, O), LANL2DZ (Br) and SDD (Au) in
CH,Cl, (PCM). Free energies in Kcal/mol.
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In 2019 we introduced the first examples of chiral iron catalysts that exclusively use
achiral ligands. In this approach, the overall chirality arises from the asymmetric
coordination of the achiral ligands around the central metal, resulting in metal-
centered chirality.l! These catalysts demonstrated activity in various asymmetric
reactions. Despite modifying the N-heterocyclic carbene substituents, certain
noncoordinating solvents, water, or air led to significant racemization of the iron
center over time.?!

Consequently, we became intrigued by the factors that dictate the configurational
stability of chiral-at-iron complexes. My r esear ch de mo n-sidnor and
" -acceptor properties of NHC ligands affect the configurational stability of chiral-at-
iron complexes. By replacing imidazole-2-ylidene (Fel, nNHC) with a 1,2,3-

triazolylidene (Fe2) , we incredasmed pPphepérties whi

acceptor properties, resulting in a completely configurational labile complex.
Conversely, replacing nNHC with a benzimidazole-2-ylidene (Fe3), which mainly
i ncr eas e-dcceptan @ropérties, yielded a significantly more configurational
robust chiral-at-iron catalyst. This catalyst was capable of catalyzing an asymmetric
hetero-Diels-Alder reaction with high stereoselectivity even under open-flask

conditions. !
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Fe (5 mol%) o] Fe1 & Fe3 : low conversion <10%
9 K>CO;3 (3 eq) - JL Fe2: Almost full conversion;
NJLN,OBz — N NH >60% NMR-yield
LN CH,Cl,
20°C,24h =

Serendipitously, we observed an enhanced activity of the more electron-rich iron
complex Fe2 towards the nitrene-mediated ring-closing C(sp®)-H amination of urea
compounds. This shows us the influence of the electronic properties of the ligands on
the activity of these iron complexes toward nitrene reactions.
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Within the field of metal carbenes, vinylcarbene metal complexes have become one
of the most intriguing subclass of metal carbenes. Pionered by Prof. Davies in the
9 0 dY%vinylcarbenes display two potential reactive sites: the more common carbenic
position or the less studied vinilogous one. Studies carried out by Davies, [ and
Harada and Nemoto [l have shown that rhodium favors the reactivity at the carbenic
site while silver promotes remote functionalization in O-H and N-H insertions.
Carbene alkyne/methathesis (CAM), ¥l has become one of the most powerful tools for
insitu generation of vinylcarbenes. Starting from an initial diazo compound, a first
carbene is formed then reacting with an alkyne unit generating the desired
vinylcarbene, which can further react in a cascade manner. In this basis, Xu and
Doyle have shown how selective carbenic Csps-H selectivity can be achieved
employing dialkyl amino derived diazo compounds under rhodium catalysis in a CAM
process.Pl Herein we wish to report the first example of silver catalyzed selective
vinylogous C(sp3)-H bond insertion, starting from a dimethylamino derived diazo
compound, leading to the synthesis of a new family of benzoazepines.[®! Several
substitiuents could be employed showing the scope of the transformation. Morover,
DFT studies unraveled the whole reaction profile including an stepwise C-H insertion
mechanism involving a zwitterionic intermediate as the rate determing step of the

transformation.
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and their Application
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The indole heterocycle represents one of the most important motifs in natural product
and drug discovery. Especially the alkylation of unprotected indoles is a key question
in organic synthetic methodology and only recently the reaction of diazoalkanes with
indoles emerged as a promising tool to conduct selective alkylation reactions.['2
Surprisingly, the reaction mechanism of the C3 alkylation of indole is not yet fully
understood and direct functionalization of the C3 position or the ring-opening of a
cyclopropane intermediate are under discussion.ll

Herein, we report on the selective C3-H functionalization of unprotected indole
heterocycles under photocatalytic reaction conditions. Detailed experimental and
theoretical calculations uncover an unexpected reaction mechanism via a 1,2-alkyl
radical migration.*! Furthermore, we expanded the reactivity of free triplet carbenes
towards the stereoconvergent cyclopropanation of B-substituted styrenes.l
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Figure 1. Photocatalytic C-H Functionalization of Indole.
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Lactones are highly valuable intermediates in the synthesis of many natural
products, as well as prominent scaffolds in bioactive compounds.” Direct
functionalization of C-H bonds represents the most straightforward route to these
compounds in the context of sustainable chemistry. There has thus been an ongoing
effort into the development of efficient and robust methodologies for C-O bond
formation.? However, most of these developed processes are poorly atom
economical, require external oxidants, and are based on the use of rare and
expensive transition metals such as palladium.?

Nitrenes are well-known for their ability to perform aziridination, alkene
difunctionalization and C-H amination. Our group aims to achieve sustainable
nitrene transfer processes using iron as the catalyst and hydroxylamines as the
nitrogen source.® Iron is cheap, abundant, and non-toxic while hydroxylamines are
bench-stable, easily accessible, and can form a metallonitrene intermediate in the
presence of a transition-metal without the addition of external oxidants.® During our
investigation on C-H amination, we hypothesized that we could deviate the reactivity
of nitrenes to favour a C-H oxygenation process.

In this communication, we will present in detail our recently developed iron-
catalyzed lactonization using hydroxylamine derivatives. This sustainable process
allows for an efficient access to new C(sp®)-O bonds, yielding various lactone
derivatives in good-to-excellent yields using very mild conditions.
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Iridium(lll) -catalyzed intermolecular C(sp )i H amidation for the
synthesis of chiral 1,2 -diamines
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Chiral 1,2-diamines are privileged scaffolds among bioactive natural products, active
pharmaceutical ingredients, ligands for transition-metal-based asymmetric catalysis
and organocatalysts (Scheme 1). Although a few traditional approaches have
facilitated their synthesis?, the construction of chiral 1,2-diamine motifs remains still a
challenge. Lately, transition-metal-catalyzed C(sp3)iH amination reactions have
witnessed impressive advances, providing powerful, straightforward and
unconventional strategies to forge new C(sp®)i N bonds2. Motivated by the lack of
direct methods to access such a useful scaffold, we developed an iridium(lll)-
catalyzed intermolecular C(sp®)i H amidation for the synthesis of chiral 1,2-diamines
(Scheme 2). This method takes advantage of the high reactivity of K-Diox*, a bench-
stable 1,4,2-dioxazol-5-one-based nitrene precursor and relies upon the design of a
new, cheap and cleavable exo-protecting/directing group derived from
camphorsulfonic acid, furnishing free enantiopure diamines upon cleavage of both
nitrogen substituents®. Kinetic and computational studies served as supportive tools
to gain further insights into the reaction mechanism, which proceeds through a
sequence of C(sp3)i H activation (CMD) and inner-sphere nitrene transfer. Moreover,
in order to achi eve -tartihrgl,2sdiamiheh, a svo-gepsopfotoamlh i r a |
involving intermolecular regioselective hydroamination of an unactivated olefin /

C(sp®)i H amidation was developed.
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Carbazoles and related heterocycles can be synthesized through light-induced
intramolecular CiH amination using aryl sulfilimines, which offer promising
alternatives to hazardous azides. A comprehensive exploration of different catalysts
and light sources led to the successful development of a broad reaction scope,
featuring consistently high yields. When subjected to transition metal catalysts or light,
aryl sulfilimines generate nitrene intermediates with phenyl sulfide as the leaving
group. The formed nitrene species can subsequently insert into a Ci H bond, leading
to the formation of indoles and carbazoles. This process can be easily scaled up to
gram scale without the risks associated with potential explosive decomposition, as
observed with azides. Notably, sulfilimines exhibit superior reaction speeds compared

to their azide counterparts.l
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63-99 % yield

Figure 1 Synthesis of carbazoles from aryl sulfimines by Ci H-amination.*!
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Mechanism-driven development of metal-acylnitrene transfer
catalysis using dioxazolone as nitrene precursor
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Catalytic CiH amination is an efficient method for synthesizing valuable N-
functionalized molecules. Recent advancements in group 9 transition metal-catalyzed
Ci H amidations using dioxazolone as the nitrenoid precursor have facilitated a wide
range of hydrocarbon amidations. In this study, we have explored the reactivity nature
of proposed metal-acylnitrenoid species for diverse transformations. By utilizing the
mechanistic characteristics of key metal-nitrenoid intermediates, we have devised a
novel ruthenium catalyst system capable of achieving high benzylic Ci H selectivity,
surpassing the competing tertiary Ci H positions when employing dioxazolone as the
nitrenoid precursor. Additionally, taking advantage of the electrophilic properties
exhibited by proposed metal-acylnitrenoid intermediates, we have successfully
demonstrated the trapping of acyl nitrenoids with external amines as nucleophiles,
resulting in the formation of hydrazides.? Finally, through the design of a new
rhodium catalyst system, we have explored the mechanism of Rh-acylnitrene transfer

process. !
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In the last decades phosphines have emerged as widely used ligand class for
homogeneously catalyzed cross-coupling reactions.[' Especially electron-rich
phosphines are capable of supporting the often difficult oxidative addition step in the
catalytic cycle of Pd-catalyzed transformations of aryl chlorides, which are of high
interest for chemical industry.[?l Unsymmetrical phosphine ligands that are substituted
with an electron donating moiety are able to exceed the donor properties of
symmetrical trialkylphosphines!®! or even N-heterocyclic carbenes (NHC), resulting in
an accelleration of the oxidative addition step. Following this approach, ylide-
substituents delivered strong electron donating ligands (YPhos) that we successfully
applied in a seris of catayltic transformations.[*! A further approach from Beller et al.
relies on the usage of N-heterocyclic olefins (NHO) as electron-donating moiety in
phosphine ligands (NHOP).! To this day, the structural motive of NHOP ligands is
limited to monosubstituted olefinesl®!, leaving a second substitution site as shown in
Figure 1 to further increase the donor ability.

Here, the synthesis and characterization of multiple ligands containing an additional
backbone modification are reported to provide a better understanding of the behavior
of this ligand class in catalytic processes. The ligands were investigated in several
Pd-catalyzed cross-coupling reactions and the different behavior examined by
investigation of the molecular structures of the ligands and palladium complexes.

\ JAr JAr
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Ar PR, Ar PR,

Established Novel
Figure 1 : Novel structural motive of the investigated NHOP ligands.
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Nitrogen-containing molecules are incredibly valuable in the organic synthesis due to
their ubiquity within pharmaceuticals, chiral ligands and as synthetic intermediates.
There has thus been an ongoing effort into the development of new, efficient, and
robust methodologies for C-N bond formation.

Metallonitrenes are a powerful tool for the formation of C-N bonds and their use has
led to the development of a variety of amination processes such as aziridination, alkene
difunctionalisation and C-H functionalization.' However, many of these processes are
poorly atom economical, and are based on the use of non-sustainable materials such
as rare and expensive transition metals (Rh, Pd, etc.). Hydroxylamine derivatives, in
the presence of a transition-metal, can form a metallonitrene intermediate where the
N-O bond acts and an endogenous oxidant, forgoing the use of external additives. In
comparison, the generation of such intermediates from hydroxylamine derivatives
coupled with the use of cheap, abundant, and non-toxic iron sources has been narrowly
studied, however, is increasing in interest.?

Following our previous work on the reactivity of iron-nitrenes deriving from
hydroxylamine derivatives,* we will present our recently developed intermolecular iron-
catalysed aziridination and oxyamination of alkenes using hydroxylamine derivatives
as a nitrogen source.® These sustainable processess allows for efficient access to a
variety of useful nitrogen-containing scaffolds in good-to-excellent yields.

Iron-Catalysed Intermolecular Aziridination and Oxyamination of Alkenes
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The chemistry of diazo compounds gives access to diverse reactive species and
represents extremely valuable branch of organic synthesis. While a number of
reports on stabilized diazo compounds is constantly growing, the reactivity of non-
stabilized diazoalkanes lacks exploitation. [1-2] Numerous precursors are known
for the generation of nonstabilized carbenes i.a. hydrazones, diazirines,
and 1,3,4-oxadiazolines.[3-5] The access to alkylidene carbenes remains, hovewer,
challenging and their application in organic transformations has been poorly
investigated. Among others, 1,3,4-oxadiazolines proved to serve as precursors
of versatile intermediates under variable reaction modes.[5] While under UV light
irradiation photolysis to non-stabilized diazo compounds occurs, thermolysis leads
to heteroatom-substituted carbenes. Ley proposed to use oxadiazolines
in UV light-induced aryl-alkyl cross-coupling and aldehyde C-H functionalization
reactions.[6-7] Nevertheless, the development of milder approach that would broaden
their applicability to UV light-sensitive substrates is still missing.

To reveal their full chemical potential, we have explored the reactivity
of 1,3,4-oxadiazolines under visible light irradiation in the presence of electron-
deficient olefins with the use of triplet energy transfer catalysis. Mechanistic
experiments support energy transfer events and identify both carbene and
diazoalkane as reaction intermediates.The designed procedure is efficiently leading
to valuable spirocyclic products.
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Visible light-mediated iridium-catalyzed formation of spirocyclic compounds with 1,3,4-oxadiazolines.
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Sulfilimines in gold catalysis: a powerful tool for heterocycle
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Due to its operational simplicity and unique reactivities, gold catalysis has emerged as
effective tool for the synthesis of various heterocycles with high interest for academia
and industry.l! The ability of gold catalysts to activate unsaturated bonds offers a
broad synthetic spectrum of possible cyclization paths. Among them, U-iminocarbene
intermediates have contributed essentially to the synthesis of bioactive nitrogen-
containing skeletons. However, existing carbene precursors have limitations in terms
of functional group tolerance, synthetic methods and safety concerns.[?

Sulfilimines as gold nitrene transfer reagents:
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Adressing these challenges, sulfilimines represent a new easy-to-handle generation
of nitrene transfer reagents which can be synthesized from inexpensive, readily
available starting materials.®l Upon activation by gold catalysts, ynamides were
shown to react with sulfilimines to pivotal U-iminocarbene intermediates by a formal
nitrene transfer. This synthetic intermediate opens up various downstream
transformations such as 1,2-H insertion®, attack of nitrogen or oxygen
nucleophiles!*3!, cyclopropanation® and C-H insertionl®®l offering a library of
functionalized heterocycles.37]
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Catalytic asymmetric transformations of a-diazo carbonyl
compounds involving metal or free carbene intermediates
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Metal carbenes have demonstrated to be versatile intermediates in organic synthesis,

which are typically generated in situ from diazo precursors with various transition

metal salts.l Among the numerous metal carbenes-based transformations, the
asymmetric ylide rearrangements provide a facile access to chiral heteroatom-

containing molecules (e.g. sulfur), but the enantiocontrol of this type of rearrangement

through a catalyst-free and stable ylide intermediate is challenging. Our group tackled

this issue by u sdiagogpyrazoleamnides dnd anddal-task chithal N,N&
dioxide-nickle(ll) or cobalt(ll) complex. Wherein, a metal carbene- and a Lewis acid-

bonded sulfonium ylide intermediate were formed, triggering a series of highly
enantioselective rearrangements prockksses,
[23]-St evens and Sommel et T Ha ?% e rthio-Claisenar r an g
rearrangement,l?d a s we l | as f or mal vi Rly &nd g(d+l) s NT H
cycloaddition[?9, Moreover, we also made a breakthrough on the application of chiral
guanidine-metal complex as a promotor in the metal carbenes-mediated asymmetric
multicomponent reaction (AMCR) involving C-H i n s e r t-diapoesters.¥ Vely

recently, a visible light-induced enantioselective C-C and C-H i nser t-i on 0"
diazoesters through a free carbene was established as well by utilizing such a chiral

bifunctional guanidine-amide organocatalyst.*!
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Figure 1 Catalytic asymmetric transformations of a-diazo carbonyl compounds
through carbene intermediates
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Red light catalyzed functionalization of diazo compounds
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Diazo compounds, next to azides and diazirines, have reserved special place
in organic and bioorganic chemistry. As biorthogonal chemical reporters those
molecules can hastly be connected to particles and selective products, can take part
in metabolic pathways.l In last decades meaningful synthons in modern organic
chemistry are often generated from diazo compounds.l?* These include carbenes
that react with wide range of substrates, forming products of insertions, Doyle-Kirmse
rearrangement or cycloaddition. Diazo reagents can also generate another species
such as radicals (with use the use of photoredox catalyst), or act as nucleophile for
cross- dehydrogenative crosscoupling.

Most of organic substrates absorb in the ultraviolet (UV), blue and green
spectral regions, warranting sensitization with long wavelength absorbing
chromophores.®] However, low energetic red and infrared light is safer to apply with
low health risk and penetreates relatively deep in scattering in media.l! Therefore, in
our work sensitization and near-red absorbers are essential for activating with low-
energy red light radiation. Despite the undeniable utility of porphyrins in blue- and
green-light-induced energy- and electron-transfer processes, they are also perfectly
suited for red light applications.

Herein, we use red light to drive photolysis of diazo molecules, and by adding
porphyrins as photocatalyst we are able to prompt photoredox and photosensitizing
processes. Direct photolysis transforms diazo compounds to singlet carbene species
that then reacted with X-H donors. Tetraphenylporphyrins enable photosensitisation
of diazo compounds not absorbing the red region leading to triplet carbenes, that
engage cycloaddition and insertion reactions. Likewise, we proved universal utility of
porphyrins in photoredox catalysis, where they catalyse formation of radicals from
diazo compounds.

Direct photolysis — ”
RL, R2= Ar R R

N, RED LIGHT N Photosensytization i
R1J\R2 660 nm EnT, RL= Ar, R2= EWG R NR2

Photocatalysis - .
R1/\R2

PET,R1=H, R2=EWG
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A Palladium(ll) Metallocarbene with Triplet Ground State
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Transition metal (TM) carbyne complexes (LMl CT R) ar e key inter medi
metathesis and Fischer-Tropsch synthesis. Their chemistry has been extensively
examined!! since the first synthesis of a group 6 carbyne complex by Fischer et al in

1973.14 Triple bonding of TM ions with terminal carbyne ligands requires vacant or

partially filledd-or bi t al s wi a md-sanmetryarespestively . However, for

low-valent late TM ions, highd-e |l ect r on <conf i ghondemg andcareyner e d uc e
complexes with significant metallocarbene (LhAMT CT R) char acter are ex
feature a metal-carbon single bond and adopt electronic singlet or triplet ground state.

The Liu group has recently reported a gold(l) metallocarbene with singlet ground
state, which wadenaton d dphdsphine stibstliugnts (Aui C'=P*).13!

However, authentic triplet metallocarbenes, that would be expected in the absence of

" -stabilization remain elusive.

Here, we report the synthesis of a formal palladium(ll) carbyne complex upon

photolysis of trimethylsilyl-substituted diazomethanide precursor (Figure 1).
Photocrystallographic, magnetic and computational characterization support nearly

linear coordination of the singly-bonded carbon ligand and an electronic triplet ground

state with predominant metallocarbene (L,Pd" C S i 3Mearbon-centred diradical

character. Intramolecular decay by selective carbyne CiH insertion, as well as
intermolecular trapping reactions with CO and phenol are reported.
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Figure 1. Synthésis, characterization and reactivity of the palladium(ll) carbyne.
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