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Phosphines substituted with bulky tert-alkyl groups are privileged ligands in a host of metal-

catalysed processes, including cross-coupling. However, traditional approaches to P-tert-alkyl 

bond formation typically use a óP+/C-ô approach, employing equivalents such as PCl3 and 

Grignard/organolithium reagents. These are typically inefficient, requiring superstoichiometric 

amounts of Grignard reagent and/or metal salt additives.1 

In this work, an umpolung Lewis acid-catalysed óP-/C+ô approach is used, with Zn3P2 as a 

cheap and convenient P3- source and tertiary carbocation precursors providing óC+ô.  This novel 

strategy gives concise access to previously inaccessible tert-alkyl phosphines via direct 

precipitation of the corresponding air-stable phosphonium salts. These salts are convenient 

surrogates for air-sensitive dialkylphosphines, with only a simple deprotonation required to 

release the free phosphine in situ. 
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Lately we reported on the synthesis of 6-bromo-2-(trimethylsilyl)phosphinine (1), which is a 

versatile building block for the preparation of functionalized low-coordinate phosphorus 

compounds. It undergoes Negishi cross coupling reaction with various aryl zinc bromides, as 

well as protodesilylation with HCl.[1,2] In this way, we could recently access the 

ferrocenylphosphinine 2. The ferrocene unit, which is directly linked to the aromatic 

phosphorus heterocycle, gives the opportunity to influence the electronic properties of the 

phosphorus atom by means of redox chemistry. Interestingly, it turned out that the TEP value 

of 2 is closer to the one of PPh3, than to the ones usually observed for classical phosphinines 

with the typical -́accepting character. This suggests modified donor/acceptor properties of 

such compounds. 

 

 

DFT calculations reveal that the introduction of particularly Si(CH3)3-substituents influence the 

energy level of the LUMO only slightly, while the energy of the molecular orbital, which 

represents the lone pair, is significantly raised. This is in agreement with an increased 

nucleophilicity and basicity of the phosphorus atom. Accordingly, we found a considerable 

increase in the gas phase basicities of various Si(CH3)3-substituted phosphinines. 

Much to our surprise, Si(CH3)3-substituted phosphinines show a distinct reactivity towards 

certain main group elements and main group compounds. For instance, we could prepare and 

characterize for the first time hitherto unknown phosphinine-selenides. As expected, the P-Se 

coupling constants are in agreement with a rather low, yet pronounced net-donor capacity of 

the phosphorus atom.  

 

Our recent results open up the opportunity to develop a new chemistry for phosphinines, 

complementary to the already established systems. 
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Recently, there has been significant interest in the synthesis and reactivity of chelate 

diphosphine cobalt(I) complexes. These systems have been explored as pro-catalysts in 

selective olefin oligomerisation, been demonstrated to mediate coupling of ethylene with CO2, 

and have been shown to catalyse heterodimerisation of acrylates with 1,3-dienes.1,2 

Building on these studies we initiated an investigation of the application of chelate diphosphine 

cobalt(I) complexes in regio- and stereo-selective linear Ŭ-olefin (LAO) to LAO oligomerisation 

reactions. It was envisaged that the chelating diphosphine motif would provide a readily 

tuneable metal scaffold, to engineer selective oligomerisation, not only through substituent 

variation at phosphorus, but also by alteration of the P^P backbone; allowing tuning of both 

the electronic and steric properties of resulting diphosphine cobalt(I) systems.  

Here, the synthesis and characterisation of the necessary precursor cobalt(II) [(P^P)CoX2] 

complexes and transformation to the target cobalt(I) derivatives is discussed. The reduction 

chemistry of [(P^P)CoX2] systems is thoroughly explored, in addition to the direct synthesis of 

chelating diphosphine complexes from cobalt(I) sources such as [(PPh3)3CoCl] and 

[(CO)4CoI]. Successful single electron reduction of [(P^P)CoX2] using Zn metal is governed by 

steric and electronic effects imposed by the diphosphine ligand (Scheme 1). Structural, 

spectroscopic and spectrometric techniques are utilised to gain insight into the ligandïolefin 

oligomerisation selectivity relationship between diphosphine ligands.  

Scheme 1 Example routes explored to the synthesis of ñ(P^P)CoXò systems. 
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Phosphaalkenes have been known for several decades. Since their first report,[1] 

phosphaalkenes were thought to be unstable and various techniques (i.e. kinetic or 

thermodynamic stabilization) have been applied to stabilize the fragile P=C double bonds.[2] 

Since their discovery, phosphaalkenes have been mainly used in coordination and polymer 

chemistry. Only recently we developed a new use of Mes* based phosphaalkenes for 

synthetizing 1,2-disubstituted olefins from the coupling of two different aldehydes.[3] After this 

first report, we have been successfully able to synthetize phosphaalkenes with smaller 

protecting groups, such as Mes and even Ph ones.[4] In this presentation we show our new 

optimized synthesis of Mes/Ph based phosphaalkenes, a detailed study of their stability and 

their use in olefination reactions of ketones and aldehydes to construct elaborated alkenes.[5] 
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In the last decades the chemistry of polyphosphorus compounds has been widely investigated. 

While there are numerous examples of neutral and anionic chains and rings,1 the reactivity 

towards oxidation agents and electrophiles is less studied. However, the oxidation chemistry 

of transition metal complexes bearing ñnakedò polypnictogen ligands (= En ligand complexes) 

can lead to a variety of reaction pathways. For example, the oxidation of [(Cp*Mo)2(ɛ,ɖ6:ɖ6-P6)] 

results in a bis-allylic distortion of the P6 ring (I, Scheme 1, left).2 Otherwise, oxidation of 

[Cp*Fe(ɖ5-P5)] causes a dimerisation via P-P-bond formation (II, Scheme 1, left).3 The first 

substituent-free polyphosphorus cation, namely [P9]+, was obtained by Krossing et al. by 

formal oxidation of P4 with [NO]+.4 White phosphorus can also react with in situ generated 

electrophiles of the type PR2
+, which can successively insert in up to three P-P bonds.5 Due to 

their isolobal relation to P4 we were interested in the investigation of the reactivity of 

[{CpMo(CO)2}2(µ,ɖ2:ɖ2-E2)] (E = P (A), As (B), Sb (C), Bi (D)) and [{CpMo(CO)2}(ɖ3-P3)] (E), 

respectively, towards oxidation agents and electrophiles. When A-D are reacted with the 

strong one-electron oxidant [C12H8S2]+ (= [Thia]+) containing the WCA [Al{OC(CF3)3}4]ï 

(= [TEF]), a dimerization occurs yielding the dicationic E4 complexes 

[{CpMo(CO)2}4(µ4,ɖ2:ɖ2:ɖ2:ɖ2-E4)]2+ (E = P (1), As (2), Sb (3), Bi (4)) (Scheme 1, right).6 These 

complexes bear the first unsubstituted dicationic E4 chains stabilized by four [CpMo(CO)2] 

transition metal fragments. Hereby, 1 and 2 show a zigzag chain with an unexpected gauche 

conformation. In contrast, compounds 3 and 4 reveal a cage-like structural motif with further 

short E···E contacts leading to a distorted ñbutterflyò geometry. In contrast, oxidation of E leads 

to an unprecedented P9
2+ dication. Furthermore, the influence of the counterion and the Cp 

substituent was investigated, as well as the reactivity of the analogous tetrahedral 

molybdenum complexes containing two different pnictogen atoms and the reactivity towards 

electrophiles. In the latter case, addition and insertion reactions of the electrophiles occur.  

 

Scheme 2: Different Pn oxidation products (left). Oxidation of the complexes A-D (right). 
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Phosphinates and bisphosphonates are an interesting class of compounds showing a high 

stability due to P-C bond and the ability to mimic phosphate esters and carboxylates. 

Phosphinates are reported in the literature to have potential biological activity for instance on 

brain disorders, cancer, malaria or leishmaniosis.[1] Among phosphorylated molecules used in 

clinic, 1-hydroxymethylene-1,1-bisphosphonates (HMBPs) occupy a prominent place. 

Because of their affinity for the calcium ions, they are currently the most widely used treatment 

of bone pathologies.[2] Moreover, these compounds have interesting antitumor effects on soft 

tissue primary tumor models (breast, prostateé). In contrast to bisphosphonates, limited 

number of studies has focused on the synthesis and chemical properties of bisphosphinates 

which should be less hydrophilic than HMBPs and thus should enhance biological properties.[3-

4]  

Several methodologies have been already described for the synthesis of phosphinates while 

only one method has been reported for the preparation of bisphosphinic acids.[1] For both, 

many drawbacks remain in terms of yields, reaction time and easy handling.[3] 

In this context, we developed a convenient and straightforward one-pot procedure for the 

synthesis of Ŭ-hydroxyphosphinates and bisphosphinates.[5-7] In this communication, we will 

disclose the various reaction parameter optimizations leading to a general efficient procedure 

and the method reproducibility. 
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In the past decade, p-conjugated systems based on heteroatoms have been widely studied 

following the first reports on their successful incorporation in (opto)-electronic devices1. For 

example, heteroatom-based heterocycles are interesting building blocks as the reactivities 

and physicochemical properties of these p-systems highly depend on the heteroatomôs 

substituents as well as the nature of the heterocycle in which it is embedded2,3. Theoretical 

calculations can be used to rationalize structure/properties relationships. In this lecture, two 

cases will be presented:   

i) Calculations performed on phosphorus-containing polycyclic aromatic 

hydrocarbons (PAH) allows to establish the local aromaticity and to understand the 

mechanism of specific organic reactions taking place on these PAHs. 

ii) DFT calculations have been performed on siloles bearing phosphanyl substituents 

at the 2 and 5 positions. These calculations are able to explain why the nature of 

the P-substituents affects strongly the physicochemical properties. 

In conclusion, the calculation will help us to understand the optical, electronic and reactivity 

properties of the phosphole-based PAH and the phosphanyl substituted siloles. 
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Trifluorophosphine has an iconic status in coordination chemistry as a ligand that has ˊ-

acceptor properties that rival or exceed those of CO.1 Low oxidation state complexes of PF3 

are known for many transition metals.2 Unlike PF3, P-ligands have the capacity for modification 

and their metal-phosphorus ů/ˊ-bonding can be tuned. The Tolman electronic parameter 

(TEP) is most commonly used to measure the ů/ˊ-bonding of a P-ligand to a transition metal.3 

Between the P-ligands P(tBu)3 and P(OPh)3 there is a near-continuum of TEP values but a 

near-void between P(OPh)3 and PF3. 

Since the 1980ôs, P-ligands containing dioxaphosphacycles, particularly those featuring 7- and 

8-membered phosphacycles, have emerged as important ligands. Cyclic aryl phosphonites, 

phosphoramidites and phosphites have been applied as ligands to numerous different types 

of homogeneous catalysis. In contrast, cyclic fluorophosphites have received little attention. 

However, Ethanox-398 has attracted industrial interest as an excellent ligand for Rh-catalysed 

hydroformylation.4 Despite this, no systematic study of the organometallic chemistry of cyclic 

fluorophosphites has been carried out. 

 

 

 

 

 

 

Here we present a comparative study of the coordination chemistry of the fluorophosphites 

L5-8 containing 5-8 membered phosphacycles to probe the effect of ring size. Their 

stereoelectronic properties, Pt(0) and Rh(I) coordination chemistry will be explored. Their 

application as ligands in the catalytic hydroformylation of 1-hexene will also be discussed.   
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The 2-phosphaethynolate ion (PCOï) was first isolated in 1992 by Becker and co-workers as 

a lithium salt.1 Its reactivity remained largely unexplored for the following 20 years due to its 

instability and difficulties associated with its synthesis. In 2011, two separate reports by the 

groups of Grützmacher and Cummins noted improved stability of the sodium salt, and further 

optimisation of the synthesis over the subsequent years provided an efficient pathway to this 

unusual synthon.2  

Recently, we reported the synthesis of an isolable phosphaethynolatoborane (1) utilising the 

phosphaethynolate anion as a synthetic building block.3 Compound 1 shows remarkable 

stability in comparison to similar boranes reported in literature, for which the 

phosphaethynolate species can be observed in situ but evade isolation due to decomposition 

or oligermerisation.4 DFT calculations indicate the phosphaketenyl isomer to be 

thermodynamically more stable by 28 kJ molī1, which is in line with studies on similar 

systems.5 While no viable monomolecular isomerisation of 1 could be elucidated 

computationally, intermolecular pathways were found to be viable. Here, we employ ˊï

acceptor Lewis bases to catalytically induce isomerisation. The mechanism of conversion and 

reactivity of the resulting phosphaketenylborane will be discussed. 
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The first fully characterized protected pentasilane was synthesized in 1998[1] and several 

derivatives have been investigated since. [2] Most of the latter were used for ring closure 

reactions with the exception of the 2,4-dimethylated-3,3-dihalogenated species. [3] Some very 

interesting derivatives remain undiscovered, especially the 2,4-dihydrido, 2,4-dichloro and 2,4-

diphosphino silanes. 

Similar to their carbon analogues, the diphosphinopentasilanes are expected to offer a wide 

range of uses in metalorganic synthesis and complex chemistry due to the well-known electron 

donating properties of phosphorus. The few established, stable diphosphasilane derivatives 

are compounds of the type (R2P-SiMe2-)2. [4] Other diphosphasilanes with backbone lengths 

of three or more silicon atoms remain, with the exception of Me2Si[-Me2Si-PPh2]2, [5] 

unexplored. 

The aim of this work is the preparation of diphosphasilanes whose backbone consists of three 

silicon atoms. This is achieved through the functionalization of the so far unknown 2,4-

dihydrido- and 2,4-dichloropentasilane precursors using different phosphides. These 

compounds are characterized by NMR spectroscopy, single crystal X-ray investigations and 

melting point determinations. The experimental characterizations are supported by DFT 

calculations. 
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The development of very basic and highly electron-deficient main group species has paved 

the way for many important advances in the field of synthetic chemistry and continues to 

receive much attention in light of the success of the frustrated Lewis pair concept.[1] We 

recently showed that the donor strength of phosphorus(III) compounds, can be enhanced by 

introduction of imidazolin-2-ylidenamino substituents.[2] The resulting phosphines are 

remarkably strong nucleophiles and show superbasic behaviour opening up new phosphine-

mediated transformations.[3] Beside the rich chemistry of phosphines, only few three-

coordinate phosphorus(V) cations have been reported.[4] These -́donating substituents not 

only enable the synthesis of strongly nucleophlic phosphines, but also of electron deficient, 

three-coordinate phosphorandiylium dications [R3P]2+. In contrast to the well-established 

chemistry of neutral group 13 and cationic group 14 species, the isoelectronic group 15 

element dications are unknown. Structural, spectroscopic and theoretical results reveal that 

the phosphorus dication adopts a perfectly trigonal planar geometry with the phosphorus 

center being well separated from the perfluorotetraphenylborate anions. The reactivity of the 

dication reveals its exceptional Lewis acidity at phosphorus, while the adjactent nitrogen atoms 

are weakly basic, resulting in unique reactivities.  
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Phosphahelicenes displaying trivalent phosphine functions have demonstrated to be powerful 

tools in asymmetric organic synthesis, as either chiral organocatalysts1 or ligands in gold 

catalysis2,3. After extended studies on the tuning of the helical backbone of P(III) 

phosphahelicenes, we have turned our attention to the synthesis of P(V) phosphahelicenes 

displaying either phosphinic acid, thiophosphinic acid or phosphinamide functions, with the 

aim of expanding our catalytic toolbox to new chiral Brønsted acids. We will report here on our 

recent results in this field, which include the synthesis of new phosphindole and 

benzophospholene derivatives, (I, II) and their uses as building blocks to prepare 

phosphahelicenes III and IV, via the oxidative photocyclization of diarylolefins4.  

During these studies we have highlighted a divergent reactivity of benzophospholes and 

benzophospholenes in the photocyclisation reaction, leading to the helical phosphinamides III 

and thiophosphinic acids IV, respectively. Thus, by this method we could obtain the first series 

of P-stereogenic Brønsted acids with helical chirality. 
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Amines are important compounds for the synthesis of pharmaceuticals, agrochemicals and 

natural products.[1] However, the selective synthesis of primary amines remains challenging. 

Environmentally benign catalytic hydrogenations of nitriles can offer an alternative route to 

terminal amines. While conventional procedures employ stoichiometric amounts of metal 

hydrides, heterogeneous catalysts are widely applied on industrial scale, e.g. in the reduction 

of adiponitrile.[2] However, heterogeneous catalysts can suffer from reduced selectivities and 

low functional group tolerance. Moreover, often harsh conditions and the use of additives are 

required. Although a plethora of selective homogeneous catalysts has been developed[3], they 

all suffer from the separation and recycling issue of the often expensive and toxic metals and 

ligands. Heterogenization of homogeneous catalysts can offer an alternative approach 

combining the best of both worlds, i.e. high activity, selectivity and tunability of homogeneous 

catalysts and the ease of catalyst separation and recycling of heterogeneous catalysts.[4] 

Herein we report a facile solid-phase synthesis (SPS) approach towards recyclable Ru-

Triphos complexes immobilized on polymeric supports. Contrary to conventional approaches, 

SPS offers simple purification steps and consequently the allowance of using large excess of 

reactants. A small library of supported Ru-Triphos complexes was screened in the reduction 

of nitriles. Without the requirement of additives, the tunable supported catalysts enabled 

selective access to primary amines and secondary imines. Finally, application under 

continuous flow conditions showed a remarkable long-term stability at variable conditions over 

at least 98 hours indicated by only a small loss in activity. 
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Due to their ability to adopt different binding modes and different charge states, an analogy 

between N-heterocyclic phosphenium (NHP) ligands and the nitrosyl ligand had been drawn 

in the literature.1,2 In order to probe this analogy, we synthesised the mixed NHP-nitrosyl-iron 

complexes (2,2sat) which allow a direct comparison of the behaviour of both type of ligands in 

the same complex.  

 

The evaluation of the donor-/acceptor-properties of both ligands was done based on structural, 

spectral, computational and reactivity studies which showed that their behaviour is 

complementary rather than competitive. Exemplarily for the reactivity studies, treatment of 2 

with a hydride source gave the isolable phosphine-ferrate PPh4[3] which could be trapped 

with Ph3SnCl to afford the product 4 of a formal hydrostannylation of the M=P bond. Studies 

on the electron transfer behaviour of 2 gave evidence for the redox non-innocence of the NHP 

ligand. 
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Organophosphorus compounds can be found in several fields of life, such as in organic and 

medicinal chemistry, in agriculture, as well as in plastic industry [1]. Over the last years, the 

synthesis of heterocyclic aminophosphonate derivatives has received a growing interest. In 

our research work, our aim was to synthesize various heterocycles containing phosphonate 

or phosphine oxide moiety via multicomponent reactions.   

First, 3-oxoisoindolin-1-ylphosphonates were synthesized by microwave(MW)-assisted 

Kabachnik-Fields reaction followed by cyclization (Scheme 1). The reaction of 2-formylbenzoic 

acid, diethyl phosphite and butyl amine was investigated and optimized in the absence of any 

catalyst and solvent. Then the condensation studied was extended to various >P(O)H 

reagents and amines.  

 

Scheme1: The Kabachnik-Fields reaction of 2-formylbenzoic acid 

The Biginelli reaction of diethyl (2-oxopropyl)phosphonate, benzaldehyde and urea was also 

investigated under MW conditions (Scheme 2). After the optimization of the model reaction, 

new dihydropyrimidinone phosphonates were synthesized using different 

ɓ-ketophosphonates, aldehydes and urea derivatives.  

 

Scheme 2: The Biginelli reaction of ɓ-ketophosphonates 
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The abnormal reactions of the NHCs with the P=C bonds of phosphaalkenes to afford 4-

phosphinosubstituted NHCs have been reported by our group.[1] Similarly, we also discovered 

the dimers of phosphaalkenes, 1,2-Diphosphetanes[2] reacted with NHCs to form 4-

phosphinosubstituted NHCs. This type of abnormal reaction offers a convenient method to 

introduce new functionality at the backbone of an NHC. We are interested in gaining insight 

into the mechanism of these unusual reactions. Kinetic studies, deuterium labelling 

experiments and computational studies have been conducted to get further information about 

the mechanistic pathway. Considering these resulting abnormal NHC products retain both 

carbene and phosphine functionalities, their metal coordination chemistry is also studied.[3,4] 
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A new and facile synthetic procedure for the selective generation of miscellaneous 

3H-phosphaallenes in a multigram scale is presented. Few 3H-phosphaallenes have been 

known for a long time, their crystal structures were unknown, and there is only little knowledge 

on their chemical reactivity.[1] In most cases we start with commercially available 

dialkylaluminium hydrides and diethynylphosphines, which are accessible by standard 

methods. Hydroalumination of these dialkynylphosphines and subsequent spontaneous 

elimination of aluminium alkynides from intermediate alkenyl-alkynylphosphines yielded the 

3H-phosphaallenes.[2,3] Only supermesityl compounds are persistent at room temperature in 

solution, and for the first time several derivatives have been characterized by crystal structure 

determination. Chromatographic work-up destroys the organoaluminium components and 

afforded the 3H-phosphaallenes in high yields.[3] 

This method allows the generation of aryl and so far unknown alkyl substituted 

3H-phosphaallenes. Unstable derivatives could be enriched and trapped by ɖ1-coordination to 

W(CO)5 fragments. In the complexes the reactive P=C double bonds are still intact.[3] Slow 

decomposition of the mesityl and triisopropylphenyl derivatives yielded unprecedented 

products, which may be formed by 1,3-H shift to the phosphorus atom, hydrophosphination of 

the P=C double bond of a second 3H-phosphaallene and formation of a P-P single bond. The 

phosphorus atoms of the resulting diphosphines bind to an alkynyl or an alkenyl group.[3]  

 

The facile access to 3H-phosphaallenes allows their application in various secondary 

reactions. 3H-phosphaallenes have functional groups with P=C and C=C double bonds, the 

phosphorus atoms are nucleophilic and the ɓ-C-H bond represents another reactive center 

and may be accessible to deprotonation. Several secondary reactions will be shown like the 

thermal rearrangement of persistent compounds or irradiation of a transient triisopropylphenyl-

3H-phosphaallene.  
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Frustrated Lewis pairs (FLPs) combine a Lewis acidic and Lewis basic site to activate small 

molecules granting access to interesting main group chemistry and catalysis. For example, 

FLPs are able to heterolytically cleave dihydrogen allowing for their use as organocatalysts in 

hydrogenation reactions.1 In addition, FLPs can activate a plethora of other small molecules 

illustrating their potential for further organocatalytic applications.1 This unique reactivity, the 

result of synergistic interaction of a Lewis acid and base with the substrate, has long been 

assumed to proceed via two-electron based pathways,2 however, recent reports of radical 

formation suggest that single-electron-transfer may play an important role.3 

 

 
 

This work explores single-electron-transfer within frustrated Lewis pairs to shine light on the 

process of frustrated radical pair formation as well as the radical influence on the frustrated 

Lewis pair reactivity. 
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The fundamental interest for the efficient synthesis of polyphosphanes with diverse 

substitution patterns motivates us to develop constantly new methodologies for PïP bond 

forming reactions. Since PīN bonds are comparatively labile, pyrazolyl-substituted 

phosphanes such as [Im-Ppyr2][OTf] (Im = 1,3-diisopropyl-4,5-dimethyl-imidazol-2-yl; pyr = 

3,5-dimethyl-pyrazol-1-yl) obtained from [Im-PCl2][OTf],[1] represent readily accessible 

[P1]-units, that undergo protolysis reactions with primary and secondary phosphanes and 

thus, allows us a convenient build-up of PïP bonds.[2] This concept can be even further 

extended towards larger frameworks, e.g. hexaphosphanes, by the concept of P/NīP/P bond 

metathesis.[3] 

 

The applicability of our approach in this contribution is outlined by the synthesis of a variety of 

cationic polyphosphanes via protolysis or P/NïP/P bond metathesis. For example, 

unprecedented cationic triphospholanes and a catena-tetraphosphane have been isolated as 

triflate salts. We also investigated our cations as ligands in coordination chemistry and 

observed the formation of an unusual tetranuclear, helical cationic gold complex in case of 

AuCl(tht) and in case of Pd(PPh3)4 an unusual imidazoliumyl-transfer to a multidentate Pd-

complex. 
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Anionic N-heterocyclic carbenes have emerged as an important class of novel ligands.1 

Contributions to this field from our group involve the lithiated abnormal carbene adduct (e.g. 1), 

in which the weakly coordinating anionic (WCA) borate unit is attached to the 4-position of the 

N-heterocycle.2 The corresponding anionic carbenes were termed WCA-NHCs and introduced 

as ligands for main group element complexes very recently.  

Salt metathesis reactions between the lithium solvate (WCA-IDipp)Li(toluene) (1 with 

IDipp = 1,3-Bis-(2,6-diisopropylphenyl)imidazolin-2-ylidene) and the pnictogen trihalides EX3 

afforded the complexes (WCA-IDipp)EX2 (e.g. 2 with E = Sb, X = Cl). These dihalide 

complexes were then utilized as starting materials for reductive coupling reactions to furnish 

the dipnictene compounds of the type (WCA-IDipp)2E2 (e.g. 3 with E = Sb), complexes which 

display a double bond between the two pnictogen atoms bearing N-heterocyclic carbenes, 

though being overall neutral.3  

 

 

 

 

 
1  2  3 

Scheme 1. Synthetic route towards dipnictenes stabilized by two anionic carbenes, starting with the lithiated 

abnormal carbene adduct. In this example the pnictogen atom is antimony. 
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