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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(III) and Ru(II)-catalysis is rather finite. We attempted to demonstrated 

Cp*Co(III)-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(II)-catalyzed redox-neutral 

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

Keywords: Sulfoxonium ylides, Anthranils, Benzylamines, CïH Activation, Cobalt, 

Ruthenium.  

 

References 

[1] Aher, Y. N.; Pawar, A. B. Chem. Commun. 2021, 57, 7164. 
[2] Aher, Y. N.; Pawar, A. B. J. Org. Chem. 2022, 87, 12621. 

  

mailto:d19052@students.iitmandi.ac.in


 
P2 

Skeletal Editing by Single-Carbon Insertions in Single CïC Bonds 

Valero G. Alfonso,1,2 Marcos G. Suero*1 

1Institute of Chemical Research of Catalonia (ICIQ-CERCA), The Barcelona Institute of Science and 

Technology, Av. Paµsos Catalans 16, 43007 Tarragona, Spain 

2Departament de Qu²mica Org¨nica i Anal²tica, Universitat Rovira i Virgili, 43007 Tarragona, Spain  

E-mail: vgimeno@iciq.es 

 

The interest for the development of skeletal editing processes that selectively insert, 

delete or exchange an atom in organic molecules has witnessed a significant increase 

over the last years.[1] However, while single-carbon insertions in doble CïC bonds 

have been reported,[2] there is still limited research exploring methods for single CïC 

bond functionalization. Herein, we would like to present the discovery and 

development of a new platform for single-carbon atom insertions in single CïC bonds. 

Our work was driven by the photochemical generation of a cationic carbyne 

equivalent that selectively inserts in aliphatic CïH bonds. The resulting intermediate 

evolves into a tetrasubstituted alkene via a cationic [1,2]-sigmatropic rearrangement 

and proton elimination. This newfound synthetic strategy not only represents a new 

olefination reaction using CïH bonds as functional groups but also underscores an 

opportunity as a tool in skeletal editing. These insights will be relevant to reach 

previously unattainable chemical space in drug discovery.[3] 
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Metal complexes containing LnM=CR1R2 carbene ligands are relevant intermediates 

in many catalytic transformations. Although examples of isolated complexes are 

known, their stability significantly decreases when one of the carbene substituents is 

a hydrogen, i.e., in the case of monosubstituted carbenes. We have discovered that 

the copper complex TpMsCu(C(H)NEt2)[1] easily transfers the aminocarbene :C(H)NEt2 

to other metal complexes such as rhodium, iridium, palladium, copper, or gold, 

resulting in stable complexes containing the M-C(H)NEt2 moiety. Experimental data 

allow us to propose that this monosubstituted amino carbene (MAC) ligand shows 

electrophilicity similar to NHC ligands bearing bulky substituents, despite its 

considerably low bulk.[2] These characteristics enable unprecedented reactivity 

patterns, such as the generation of the first stable monosubstituted carbene adduct of 

Rh2(OAc)4, a known catalyst for carbene transfer reactions 
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The development of transition metal catalysts for asymmetric catalysis is of current 

interest in view of their potential usefulness in organic synthesis.[1] In the case of non-

directed C-H functionalization, the overwhelming majority in literature have been 

applying chiral ligands in design of asymmetric catalysts like Rh2(CO2R)4,[2] M(D4-

Por)X (M = Ru, X = CO and M = Ir, X = CH3),[3] Co(D2-Por)[4] and M(Salen)X (M = Ru, 

X = CO and M = Ir, X = CH3).[5] However, developing asymmetric ligand frameworks is 

a non-trivial task.[6] 

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 1H 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  
phosphinidene (PR), ligands species  
analogous of nitrenes and carbenes.1 
When organocyclophosphine 

compound (PDip)3 reacts with 2 
equivalents of Pd2(dba)3, (Figure 1) 
an insertion reaction takes place, affording the previously unreported [Pd8(PDip)6] 
cluster. The X-ray structure of the Pd8 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)3, a (Py)Pd(CAAC) complex is 
exploited as starting reagent, other insertion products 
can be obtained, such as [(Py)2Pd(P3Dip3)] or 
[(P3Dip3)(PyPd)2(P2Dip2)], reported in Figure 3. In 
these products, P-P bonds are still present in the 
ligand moieties derived from (PDip)3, in contrast with 
the Pd8 cluster. It is possible to tune the synthesis 
towards different products, changing the reagent 
stoichiometry and the reaction conditions.  For 
instance, when the molar ratio 
[(PDip)3:]:[(Py)Pd(CAAC)] is 1:4, the Pd8 cluster is 
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.2 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, 
likely forming a symmetrical 
motif on it, since only one 
shifted singlet is evident in the 
31P NMR spectrum.  
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Figure 3: CAAC-Pd(0) complex used in this work 
and X-ray structures of complexes obtained from 
its reaction with (PDip)3 

Figure 2: X-ray structure of 
Pd8(PDip)6 cluster      

Figure 1: Synthesis of Pd8(PDip)6 cluster 
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Designing site-selective C(sp3)ïH functionalization reactions is a significant challenge 
in organic synthesis, with broad implications for pharmaceutical and agrochemical 
research.[1] 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).[2] 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(sp3)-H functionalization reactions is a 
third strategy that has recently emerged to go beyond the limitations of substrate-
controlled reactions.[3]  
In this context, our group recently initiated studies[4] to address the issue of the 
selective intermolecular amination of unactivated secondary (BDE of 100 kcal.molī1) 
C(sp3)īH bonds in the presence of an activated benzylic site (BDE of 85 kcal.molī1). 
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(II) complex and a sulfamate.[5] The use of these reagents allows for 
selective conversion of secondary C(sp3)īH bonds to afford Ŭ,Ŭ-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. 
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The enantioselective gold(I)-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.[1] 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(I) carbene intermediates,[2] which shed light on the mechanism of gold(I)-
catalyzed cyclizations of enynes.  
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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.[1] 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.[2]  

Consequently, we became intrigued by the factors that dictate the configurational 
stability of chiral-at-iron complexes. My research demonstrates how the ů-donor and 

-́acceptor properties of NHC ligands affect the configurational stability of chiral-at-
iron complexes. By replacing imidazole-2-ylidene (Fe1, nNHC) with a 1,2,3-
triazolylidene (Fe2), we increased the ů-donor properties while decreasing the ˊ-
acceptor properties, resulting in a completely configurational labile complex. 
Conversely, replacing nNHC with a benzimidazole-2-ylidene (Fe3), which mainly 
increased the ˊ-acceptor properties, 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.[3] 

 

Serendipitously, we observed an enhanced activity of the more electron-rich iron 
complex Fe2 towards the nitrene-mediated ring-closing C(sp3)-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. 
 
References 

[1] Y. Hong, L. Jarrige, K. Harms, E. Meggers, J. Am. Chem. Soc. 2019, 141, 11, 4569ī4572. 
[2] Y. Hong, T. Cui, S. Ivlev, X. Xie, E. Meggers, Chem. Eur. J. 2021, 27, 33, 8557-8563. 
[3] N. Demirel, J. Haber, S. I. Ivlev, E. Meggers, Organometallics 2022, 41, 24, 3852ï3860. 

  



 
P11 

Intramolecular Interception of the Remote Position of Vinylcarbene 
Silver Complex Intermediates by C(sp3)īH Bond Insertion 
 

Roger Monreal-Corona,1 Albert Poater,1 María Álvarez,2 Elena Borrego,2 Pedro J. 
Pérez,2 Ana Caballero,2 Anna Roglans,1 Anna Pla-Quintana,1 Àlex Díaz-Jiménez1  

 
1 Institut de Química Computacional i Cat l̈isi (IQCC) and Departament de Química, Universitat de 

Girona, C/Maria Aur l̄ia Capmany, 69, E-17003 Girona, Catalonia, Spain. 
2 Laboratorio de Catálisis Homogénea, Unidad Asociada al CSIC, CIQSO-Centro de Investigación en 

Química Sostenible and Departamento de Química, Universidad de Huelva, Edificio Robert H. Grubbs, 
Campus de El Carmen, 21007 Huelva, Spain 

E-mail :  alex.diaz@udg.edu 

 

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 
90ôs, [1] vinylcarbenes display two potential reactive sites: the more common carbenic 
position or the less studied vinilogous one. Studies carried out by Davies, [2] and 
Harada and Nemoto [3] 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), [4] 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 Csp3-H selectivity can be achieved 
employing dialkyl amino derived diazo compounds under rhodium catalysis in a CAM 
process.[5] 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.[6] 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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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)1. Although a few traditional approaches have 
facilitated their synthesis2, the construction of chiral 1,2-diamine motifs remains still a 
challenge. Lately, transition-metal-catalyzed C(sp3)ïH amination reactions have 
witnessed impressive advances, providing powerful, straightforward and 
unconventional strategies to forge new C(sp3)ïN bonds3. Motivated by the lack of 
direct methods to access such a useful scaffold, we developed an iridium(III)-
catalyzed intermolecular C(sp3)ïH amidation for the synthesis of chiral 1,2-diamines 
(Scheme 2). This method takes advantage of the high reactivity of K-Diox4, 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 substituents5. Kinetic and computational studies served as supportive tools 
to gain further insights into the reaction mechanism, which proceeds through a 
sequence of C(sp3)ïH activation (CMD) and inner-sphere nitrene transfer. Moreover, 
in order to achieve the synthesis of chiral Ŭ-tertiary-1,2-diamines, a two-steps protocol 
involving intermolecular regioselective hydroamination of an unactivated olefin / 
C(sp3)ïH amidation was developed. 
Scheme 1 

 
 

Scheme 2 
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Carbazoles and related heterocycles can be synthesized through light-induced 

intramolecular CïH 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 CïH 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.[1]  

 

 
 

Figure 1 Synthesis of carbazoles from aryl sulfimines by CïH-amination.[1] 
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Catalytic CïH amination is an efficient method for synthesizing valuable N-

functionalized molecules. Recent advancements in group 9 transition metal-catalyzed 

CïH 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 CïH selectivity, 

surpassing the competing tertiary CïH positions when employing dioxazolone as the 

nitrenoid precursor.[1] 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.[2] Finally, through the design of a new 

rhodium catalyst system, we have explored the mechanism of Rh-acylnitrene transfer 

process.[3] 
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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.[1] The ability of gold catalysts to activate unsaturated bonds offers a 
broad synthetic spectrum of possible cyclization paths. Among them, Ŭ-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.[2]   
 

 
 
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.[3] Upon activation by gold catalysts, ynamides were 
shown to react with sulfilimines to pivotal Ŭ-iminocarbene intermediates by a formal 
nitrene transfer. This synthetic intermediate opens up various downstream 
transformations such as 1,2-H insertion[3], attack of nitrogen or oxygen 
nucleophiles[4,5], cyclopropanation[3] and C-H insertion[3,6] offering a library of 
functionalized heterocycles.[3,7]  
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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.[1] 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 using a new kind of Ŭ-diazo pyrazoleamides and a dual-task chiral N,Nô-
dioxide-nickle(II) or cobalt(II) complex. Wherein, a metal carbene- and a Lewis acid-
bonded sulfonium ylide intermediate were formed, triggering a series of highly 
enantioselective rearrangements processes, including DoyleīKirmse reaction,[2b] 
[2,3]-Stevens and SommeletīHauser rearrangement,[2c] thio-Claisen 
rearrangement,[2d] as well as formal vinylogous NīH insertion[2f] and (2+1) 
cycloaddition[2g]. 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 insertion of Ŭ-diazoesters.[3] Very 
recently, a visible light-induced enantioselective C-C  and C-H insertion of Ŭ-
diazoesters through a free carbene was established as well by utilizing such a chiral 
bifunctional guanidine-amide organocatalyst.[4] 

 

Figure 1 Catalytic asymmetric transformations of a-diazo carbonyl compounds 
through carbene intermediates 
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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.[1] In last decades meaningful synthons in modern organic 
chemistry are often generated from diazo compounds.[2-4] 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.[5] However, low energetic red and infrared light is safer to apply with 
low health risk and penetreates relatively deep in scattering in media.[6] 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. 
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Transition metal (TM) carbyne complexes (LnMſCīR) are key intermediates in alkyne 
metathesis and Fischer-Tropsch synthesis. Their chemistry has been extensively 
examined[1] since the first synthesis of a group 6 carbyne complex by Fischer et al in 
1973.[2] Triple bonding of TM ions with terminal carbyne ligands requires vacant or 
partially filled d-orbitals with suitable ů- and ˊ-symmetry, respectively . However, for 
low-valent late TM ions, high d-electron configurations reduce ˊ-bonding and carbyne 
complexes with significant metallocarbene (LnMīCīR) character are expected. which 
feature a metal-carbon single bond and adopt electronic singlet or triplet ground state. 
The Liu group has recently reported a gold(I) metallocarbene with singlet ground 
state, which was stabilized by ˊ-donation of a phosphino substituents (AuïCï=P+

2).[3] 
However, authentic triplet metallocarbenes, that would be expected in the absence of 

-́stabilization remain elusive. 
Here, we report the synthesis of a formal palladium(II) 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 (LnPdII C SiMe3), carbon-centred diradical 
character. Intramolecular decay by selective carbyne CïH insertion, as well as 
intermolecular trapping reactions with CO and phenol are reported. 

 
Figure 1. Synthesis, characterization and reactivity of the palladium(II) carbyne. 
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