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ABSTRACT: The 1,3-addition of 1,2-diaryl-1,2-dibromodiboranes (B2Ar2Br2) to trans-[W(N2)2(dppe)2] (dppe = κ2-(Ph2PCH2)2), 

which is accompanied by a Br-Ar substituent exchange between the two boron atoms, is followed by a spontaneous rearrangement 

of the resulting tungsten diboranyldiazenido complex to a 2-aza-1,3-diboraallenylimino complex displaying a linear, cumulenic 

B=N=B moiety. This rearrangement involves the splitting of both the B‒B and N=N bonds of the N2B2 ligand, formal insertion of a 

BAr boranediyl moiety into the N=N bond and coordination of the remaining BArBr boryl moiety to the terminal nitrogen atom. DFT 

calculations show that the reaction proceeds via a cyclic NB2 intermediate, followed by dissociation into a tungsten nitrido complex 

and a linear boryliminoborane, which recombine by adduct formation between the nitrido ligand and the electron-deficient iminobo-

rane boron atom. The linear B=N=B moiety also undergoes facile 1,2-addition of Brønsted acids (HY = HOPh, HSPh, H2NPh) with 

concomitant Y-Br substituent exchange at the terminal boron atom, yielding cationic (borylamino)borylimino tungsten complexes. 

Introduction 

The reaction of N2 and H2 to NH3 via the Haber-Bosch process 

is the starting point for all synthetic nitrogen-containing com-

pounds, from fertilizers to fine chemicals and pharmaceuticals. 

Due to the high pressures (150-300 bar) and temperatures (400-

500 °C) required it accounts for 1.4% of global CO2 emissions 

and 1-2% of the world’s total energy consumption. Further-

more, the production of the H2 required for this process is heav-

ily reliant on fossil fuels.1,2 In recent years considerable efforts 

have been undertaken to make ammonia production from N2 

more sustainable, including the design of new hetero- and ho-

mogenous catalysts, integrated electro- and photocatalytic pro-

cesses, and even biological ammonia production.1-8  

 

Scheme 1. Typical mechanisms for N2 functionalization at a metal 

center. 

Another strategy consists of cutting out the NH3 production step 

altogether by transforming N2 directly into value-added nitro-

gen-containing small molecules. Since the synthesis of the first 

stable terminal dinitrogen complex, [Ru(NH3)5N2]
2+, by Allen 

and Senoff nearly 60 years ago,9 a wide variety of transition 

metal complexes with N2 ligands in various coordination modes 

have been reported,10-13 some capable of spontaneously splitting 

the N≡N triple bond to form nitride complexes.14 Many of these 

complexes have been used as versatile platforms for the direct 

stoichiometric formation of N‒C, N‒Si, N‒B, N‒Al and N‒P 

bonds from N2, with or without splitting the dinitrogen N‒N 

bond.15-20 Furthermore, several systems have been successfully 

employed for the catalytic synthesis of tertiary and secondary 

silylamines21-25 and, most recently, tertiary borylamines26 from 

N2 under highly reducing conditions. 

 

Scheme 2. Formation of NSiRHN(SiRH) ligands by insertion of 

SiRH units into the N‒N bond of metal dinitrogen complexes. 

While the majority of N2 functionalization reactions at transi-

tion metals result in either terminal functionalization with re-

tention of the N‒N bond or splitting of the N‒N bond into two 

nitride moieties followed by functionalization of each separate 

nitrogen atom (Scheme 1), there have been very few examples 

of insertion of a heteroatom between the two nitrogen atoms of 

metal-bound N2 (Scheme 2). Fryzuk and co-workers reported 

that (µ-η1:η2-N2)-bridged tantalum hydride dimers supported by 

NPN pincer ligands first react with two molar equivalents of 

SitBuH3 or SinBuH3 to form bis(silylnitrene)-bridged tantalum 

dimers, which rearrange into κ2-(μ-N-SitBuHN)SitBuH-

bridged complexes, the reaction being accompanied by addi-

tional dehydrocoupling and ligand C‒H activation in the case 

of the phenylphosphino-PNP complex.27,28 More recently, Hou 

observed very similar reactivity between two equivalents Si-

PhH3 and a (µ-η1:η2-N2)-bridged PNP-titanium hydride dimer.29 



 

Chirik also reported the insertion of a SiCyH unit into the N‒N 

bond of a (μ2,η2,η2-N2)-bridged hafnocene dimer, generating a 

κ2-(μ-N-SiCyHNH) ligand via consecutive 1,3- and 1,2-hydros-

ilylation steps.30 In all these cases the electrons required for 

splitting the N≡N bond all come from the two metal centers. 

Building on earlier works by Komiya, Szymczak and Ashley on 

the end-on N2 functionalization of [Fe(N2)(depe)2] (depe = κ2-

(Et2PCH2)2) with silyl and boryl groups,31-33 and a report by Hi-

roshige et al. on the first borylation of a tungsten dinitrogen 

complex,34 our own group and that of Simonneau have reported 

the 1,3-functionalization of trans-[W(N2)2(depe)2] and trans-

[M(N2)2(dppe)2] (M = Mo, W; dppe = κ2-(Ph2PCH2)2) with bo-

rane and diborane precursors (Scheme 3).35-40 Herein we present 

the 1,3-bromodiboranylation of trans-[W(N2)2(dppe)2] with 

1,2-diaryl-1,2-dibromodiboranes(4), followed by spontaneous 

rearrangement with insertion of a BAr unit between the two ni-

trogen atoms of the diazenido ligand, the first example of such 

an insertion at a monometallic dinitrogen complex. In this case 

two of the electrons required for splitting the N≡N bond come 

from the diborane precursor. The electronic structure of these 

systems has been studied in detail, along with mechanistic in-

vestigations using density functional theory (DFT) and high-

level coupled-cluster calculations. 

 

Scheme 3. Reactions of group 6 complexes of the form 

[M(N2)2{(R2PHC2)2}2] (M = Mo, W; R = Et, PH) with boranes and 

diboranes. 

Results and Discussion 

The addition of 1.3 equivalents of B2Br2Mes2 (Mes = 2,4,6-tri-

methylphenyl) to trans-[W(N2)2(dppe)2] resulted in the for-

mation of a dark brown solution, accompanied by evolution of 

N2. After 2 h stirring at rt, complex 1-Mes, which results from 

the 1,3-diboranylation of the WN2 unit concomitant with Br-

Mes substituent exchange at the B2 unit, was precipitated by the 

addition of pentane as a brown-golden solid (94% yield, 

Scheme 4a). While the solution 11B NMR spectrum of 1-Mes 

was silent (as has often been observed for the boryl- and di-

boranyldiazenido complexes displayed in Scheme 3),39-40 solid-

state 11B NMR spectroscopy showed two broad resonances at 

87.0 (NBB) and 19.0 (N2B) ppm. NMR shift calculations on 1-

Mes at the ωB97X-D/Def2-TZVP level of theory, using 1,2-

dibromo-1,2-bis(dimethylamino)diborane(4) (B2Br2(NMe2)2, 

δ11B = 38 ppm) as a reference,41 provided similar shifts of 80.0 

and 23.6 ppm for the terminal and internal boron atoms, respec-

tively. The 31P NMR spectrum showed a new singlet at 39.8 

(1JWP = 288 Hz), slightly upfield from previously published di-

boranyldiazenido complexes (δ31P = 33-39 ppm).40 The IR spec-

trum of 1-Mes showed a strong stretching band at 1569 cm‒1 

(ν(N=N)calcd = 1570 cm–1 at the ωB97X-D/Def2-SVP level of 

theory), at slightly higher wavenumber than the range observed 

for diboranyldiazenido complexes (1528 to 1550 cm–1).40 This 

higher wavenumber indicates a slightly stronger N=N bond in 

1-Mes compared to those of similar diboranyldiazenido com-

plexes. X-ray crystallographic analysis finally confirmed the 

structure of 1-Mes and the exchange of the mesityl and bromide 

substituents between the internal and terminal boron atoms.42  

 

Scheme 4. Reactions of (a,b) 1,2-diaryl-1,2-dibromodiboranes(4) 

and (c) 1,2-bis(dimethylamino)-1,2-dibromodiborane(4) with 

trans-[W(N2)2(dppe)2]. 

Heating a benzene solution of 1-Mes at 60 °C for 15 h or per-

forming the reaction of B2Br2Mes2 and trans-[W(N2)2(dppe)2] 

at 60 °C led to an unexpected quantitative rearrangement to 

complex 2-Mes, in which one BMes moiety had inserted into 

the N‒N double bond, resulting in a terminal 

NB(Mes)NB(Br)Mes ligand (Scheme 4b). The complex and 

broad solid-state 11B NMR signal was modelled to three com-

ponents with isotropic chemical shifts of 30.0, 29.2 and 19.3 

ppm. Calculations indicate that these correspond to two atro-

pisomers of 2-Mes, differing by a 180° rotation of the BBrMes 

moiety around the terminal N=B multiple bond. Rotamer 1, 

which corresponds to the solid-state structure in Fig. 1 (δ11B-calcd 

= 28.5 (NBN), 17.9 (NB) ppm) is 4.2 kcal mol‒1 more stable 

than rotamer 2 (δ11B-calcd = 26.8 (NBN), 18.2 (NB) ppm, see Fig. 

S77 in the SI). The 31P{1H} NMR resonance of 2-Mes (28.7 

ppm) is upfield-shifted by ca. 10 ppm compared to that of 1-

Mes and broadened by fluxional processes in solution (fwmh ≈ 

340 Hz). Above 70 °C the 31P{1H} NMR signal sharpens into a 

narrow singlet at 31.1 ppm (1JWP = 298 Hz), indicating free ro-

tation of the NBNB ligand around the W‒N bond. Upon cooling 

below ‒10 °C the 31P{1H} NMR signal broadens considerably 

until it splits below ‒50 °C into four 1:1:1:1 doublet of doublets 

of doublets at 38.8, 29.9, 19.2 and 13.8 ppm, freezing out rota-

mer 1. 

The solid-state structure of 2-Mes confirms the cleavage of, and 

insertion of a BMes moiety into, the N‒N bond, while the ter-

minal boron atom now bears a bromide and the second Mes sub-

stituent (Figure 1 and Table 1). The W1‒N1 distance of 

1.7655(16) is shorter than those of neutral boryl- and di-

boranyldiazenido complexes (1.77-1.81 Å),31-40 indicating an 

increase in its double bond character. 



 

  

Figure 1. Crystallographically-determined solid-state structures of 1-Mes, 2-Mes and 4-OPh (Br‒ counteranion omitted). Thermal displace-

ment ellipsoids at 50%. Ellipsoids of dppe phenyl groups and hydrogen atoms omitted for clarity, except for N2-bound H2 in 4-OPh. 

Table 1. Selected bond lengths (Å) and angles (°) for crystallographically characterized 2-Ar (Ar = Mes, An, Dur), 3-NMe2, 4-OPh and 5-

NHPh. 

 W1–N1 N1–B1 B1–N2 N2–B2 B2‒Y W1-N1-B1 N1-B1-N2 B1-N2-B2 B1∠B2   

2-Mes 1.7655(16) 1.519(3) 1.361(3) 1.331(3) ‒ 173.76(13) 121.04(18) 162.05(19) 87.5  

2-An 1.753(6) 1.512(11) 1.371(12) 1.349(13) ‒ 172.0(6) 121.6(8) 161.0(9) 79.3  

2-Dur 1.7576(16) 1.516(3) 1.360(3) 1.327(3) ‒ 173.87(14) 119.21(18) 158.9(2) 83.0  

4-OPh 1.772(2) 1.482(4) 1.426(4) 1.449(4) 1.360(4)a 170.51(18) 117.7(2) 131.2(2) 7.6  

5-NHPh 1.730(6) 1.483(9) 1.407(10) 1.466(12) 1.409(11)b 164.0(5) 112.9(6) 135.2(7) 7.0  

 W1–N1 N1–N2 N2–B1 B1‒B2 B1‒N3 B2‒N4 W1-N1-N2 N1-N2-B1 N2-B1-B2 

3-NMe2 1.827(4) 1.213(5) 1.449(7) 1.715(8) 1.418(7) 1.374(7) 174.9(3) 142.2(4) 124.7(5) 

a Y = O1; b Y = N3.

The B1‒N1 bond (1.519(3) Å), which shows slight double bond 

character, is significantly longer than the B1‒N2 and N2‒B2 

bonds (1.361(3) and 1.331(3) Å, respectively), the latter both 

showing strong double bond character.43,44 Compared to the re-

lated octahedral bis(borylimido)tungsten complex 

[W(NBMes)2Cl2(PMe3)2] (avg. W‒N 1.78, N‒B 1.44 Å; avg. 

W-N-B 176°),45 the W‒N bond in 2-Mes is slightly shorter, 

while the N1‒B1 bond is significantly longer, owing to the ad-

ditional π donation from N2 to B1. The two trigonal planar bo-

ron centers are orthogonal to each other (B1∠B2 87.5°). With 

its near-linear B1-N2-B2 unit (162.05(19)°), which is isostruc-

tural and isoelectronic to an allenyl fragment, the NBNB ligand 

can be described as a η1-(2-aza-1,3-diboraallenyl)imido ligand. 

Only two compounds with a similar linear >B=N=B< unit have 

been crystallographically authenticated to date, namely the 

[Mes2B=N=BMes2]
‒ anion and a neutral N-heterocyclic car-

bene (NHC)-stabilized species of the form 

[(NHC)ArB=N=B(BNAr')R], both showing similar structural 

features (B‒N 1.34-1.36 Å; B-N-B 163-176°) to 2-Mes.46,47 The 

solid-state IR spectrum of 2-Mes showed a strong, broad 

stretching band at 1667 cm–1 for the B=N=B bonding motif, 

similar to that observed by Nöth for the [tBu2B=N=BtBu2]
‒ an-

ion (1660-1690 cm–1).48 

The room-temperature reaction of trans-[W(N2)2(dppe)2] and 

B2Br2An2 (An = 9-anthryl) in benzene also proceeded in an 

analogous fashion. While the 1,3-bromodiboranylation product 

1-An was observed by solution NMR spectroscopy (δ31P = 38.3 

(s, 1JWP = 287 Hz) ppm) it converted too rapidly to 2-An (δ31P = 

33.9 ppm) to enable its isolation (Scheme 4a,b). At 60 °C com-

plete conversion to 2-An was achieved in 40 min. Under the 

same conditions the more sterically demanding B2Br2Dur2 (Dur 

= 2,3,5,6-tetramethylphenyl) underwent quantitative conver-

sion to 2-Dur (δ31P = 30.0 (br) ppm) within 80 min. The inter-

mediate 1-Dur was observed by 31P NMR spectroscopy at 40.4 

ppm. 2-An and 2-Dur were isolated as beige and brown crys-

talline solids, respectively, in yields of 80% and 70%, respec-

tively. Their solid-state structures (see Figs. S72-S73 in the SI), 

like that of 2-Mes, show a slightly distorted octahedral tung-

sten(IV) complex bearing an η1-(2-aza-1,3-diboraallenyl)imido 

ligand with a conjugated B1-N2-B2 unit (avg. B1‒N2 ca. 1.364 

Å; N2‒B2 ca. 1.336 Å) approaching linearity (avg. B-N-B 

160.7°). It is noteworthy that the reaction of B2Br2(NMe2)2 with 

trans-[W(N2)2(dppe)2] yielded the simple 1,3-bromodiboranyl-

ation product 3-NMe2 (δ11B = 41.7 (BBrNMe2), 25.2 (N2BBr) 

ppm) without migration of the Br and NMe2 ligands (Scheme 

4c). Furthermore, 3-NMe2 did not undergo insertion of a boryl 

moiety into the N‒N bond even under forcing conditions 

(Scheme 4d). 

To elucidate the driving force behind boron insertion into the 

N≡N bond, we conducted a detailed investigation of the intri-

cate rearrangement mechanism from 1-Mes to 2-Mes using 

quantum chemical calculations (see full details of the method-

ology and calculations in the SI). Due to the computational de-

mands associated with handling the full 1-Mes molecule and 

related systems, all including multiple aromatic substituents, we 

employed a QM/QM approach for geometric optimizations. 

Specifically, the phenyl groups attached to the diphosphine lig-

ands were treated with the computationally cheaper semi-em-

pirical PM7 level of theory, incorporating Grimme’s D3 empir-

ical dispersion and Becke-Johnson damping. The remainder of 

the system was described by DFT calculations at the ωB97X-

D/Def2-SVP level of theory.



 

 

Figure 2. Free energy profile (kcal mol–1) of the proposed mechanistic pathway for the formation of the boron insertion product 2-

Mes from 1-Mes. Energies are referenced to 1-Mes and calculated at the SMD(benzene)/DLPNO-CCSD(T)/Def2-TZVP level of 

theory. The 3D structures of TS1, TS2, TS3, and C are also shown. Hydrogen atoms are omitted for clarity.  

 

This approach strikes a balance between computational effi-

ciency and accuracy as the bulky diphosphine ligands primarily 

contribute to the rearrangement mechanism through steric ef-

fects. For a more accurate determination of the relative Gibbs 

free energies single-point calculations on the optimized struc-

tures were performed at the SMD(benzene)/DLPNO-

CCSD(T)/Def2-TZVP level. To ensure the proper connectivity 

between corresponding energy minima in the reaction mecha-

nism all transition states were analyzed through intrinsic reac-

tion coordinate (IRC) calculations (see Figs. S78-S80 in the SI). 

Our computed reaction mechanism is shown in Figure 2 (see SI 

for further details). 

The formation of 1-Mes from trans-[W(N2)2(dppe)2] and 

B2Br2Mes2 under release of N2 is highly exergonic (ΔG = ‒42.7 

kcal mol‒1). Starting from 1-Mes and progressing to intermedi-

ate B an exchange occurs involving one of the mesityl groups 

at the terminal boron atom and the bromine atom of the neigh-

boring boron. This exchange unfolds in two sequential steps. 

Initially, the bromine atom shifts to the terminal boron atom via 

TS1, leading to the formation of intermediate A, which adopts 

a linear NNB(sp1)B(sp3) geometry. This conformation is re-

markably stable, with A being only ΔG = 2.4 kcal mol–1 above 

1-Mes. The migration of the mesityl group from A to B follows 

a similar path via TS2. Both migrations at TS1 and TS2 occur 

readily at room temperature thanks to their low barriers of only 

7.5 and 14.8 kcal mol–1, respectively. The resulting intermediate 

B is slightly favored with ΔG = –1.1 kcal mol–1 compared to 1-

Mes. It is noteworthy, however, that this minor preference may 

be attributable to numerical artifacts, as both 1-Mes and B could 

possess distinct but energetically closely situated rotamers. This 

could explain why B, which should be formed first in the reac-

tion of [W(N2)2(dppe)2] with B2Br2Mes2, is never observed ex-

perimentally. The exchange of the bromide and aryl substitu-

ents at the diboron unit is reminiscent of the inorganic Wagner-

Meerwein-type rearrangement observed upon coordination of a 

single Lewis base (L = phosphine, carbene) to B2Ar2X2 (X = Cl, 

Br, I; Ar = Mes, Dur).49,50 Here, the terminal N2 ligand likely 

acts as the Lewis base, coordinating to one boron atom and in-

ducing the Ar-Br rearrangement. 

Proceeding from B, the formation of TS3 occurs as the rate-

determining step of the rearrangement from 1-Mes to 2-Mes. 

Here, an asymmetric three-membered B2N ring forms from the 

rotation around the N-N-B-B dihedral angle with N–B distances 

of 1.32 and 1.46 Å. Furthermore, the N–N bond length expands 

to 1.72 Å. TS3 is 28.6 kcal mol–1 above intermediate B, which 

is not readily attainable at room temperature but becomes fea-

sible at the elevated reaction temperature of 60 oC. The for-

mation of the B2N ring in TS3 also explains the lack of rear-

rangement in 3-NMe2 as the terminal boron atom B2 is already 

electronically saturated by the π-donating dimethylamino 

group, thus making donation from N2 to the terminal boron 

atom B2 unfavorable.51  

Subsequently, the N–N bond is fully cleaved, followed by in-

sertion of a single nitrogen atom into the B–B bond. This leads 

to the formation of a van der Waals complex featuring the imi-

noborane [Br(Mes)B–N≡BMes] and the tungsten nitride com-

plex [(Br)W(N)(dppe)2] (C). The latter was isolated in 1982 by 

the group of Leigh,52 and thus represents a credible intermediate 

in the transformation of 1-Mes to 2-Mes. The interaction within 

the van der Waals complex occurs between the sp1-boron atom 

and the tungsten-bound nitrogen atom (WN···B 3.11 Å), this 

distance being smaller than the sum of the van der Waals radii 

(3.47 Å). Formation of the product 2-Mes then occurs via the 

recoupling of the fragments through B–N bond formation be-

tween these two atoms. Relaxed energy scans following this 

bond coordinate did not point to the existence of a kinetic bar-

rier between C and 2-Mes. The last two steps occur through 



 

highly exergonic reactions of –58.9 and –34.0 kcal mol–1, re-

spectively, with 2-Mes located at ΔG = –65.4 kcal mol–1 with 

respect to 1-Mes.53 

To assess the bonding situation of 2-Mes, we conducted calcu-

lations of Mayer bond orders (MBOs) and intrinsic bonding or-

bitals (IBOs). These calculations suggest the presence of a 

W≡N triple bond and a cumulene-type bonding configuration 

for the linear B=N=B segment of the system. The correspond-

ing MBOs are 2.57 (W≡N), 1.71 (B=N) and 1.69 (N=B), re-

spectively. This picture is fully supported by IBO calculations 

(Figure 3). 

 

Figure 3. IBOs for the π space of the W–N (top) and B–N–B 

(bottom) bonding motifs of 2-Mes. Hydrogen atoms are omitted 

for clarity.  

To test the reactivity of the conjugated, linear B=N=B moiety, 

2-Mes was combined with various Brønsted acids. Phenol, thi-

ophenol and aniline all reacted at room temperature with 2-Mes 

to yield the colorless ionic 1,2-addition products 4-Y (Y = OPh, 

SPh, NHPh), in which the terminal bromide ligand has been dis-

placed and the Y‒H bond added across the B2‒N2 bond 

(Scheme 5a). The solution 11B NMR spectra of 4-Y showed no 

resonances, presumably due to excessive line-broadening. A 

solid-state 11B NMR spectrum of 4-OPh provided shifts of 

41.0/35.4 (two rotamers) and 20.1 ppm for the terminal and in-

ternal boron nuclei, respectively. The 31P NMR spectra showed 

a singlet in the 31-33 ppm range (1JWP = 290 Hz), down-field-

shifted from 2-Mes (δ31P = 28.7 ppm). The 1H NMR B2NH pro-

ton resonance is observed in the 4.5-5.4 ppm range, shifting fur-

ther upfield as the electron-donating ability of Y decreases. 

The solid-state structure of 4-OPh further confirms the 1,2-ad-

dition across the terminal B‒N bond. The NBNBO framework 

is quasi planar (torsion angles N1-B1-N2-B2 ‒177.9(3), B1-

N2-B2-O1 4.7(4)°), with the NH and BOPh functionalities in a 

trans conformation across the B2‒N2 bond. The B1‒N2 and 

N2‒B2 bond lengths of 1.426(4) and 1.449(4) Å, respectively, 

are considerably longer than those in 2-Mes (B1‒N2 1.361(3), 

B2‒N2 1.331(3) Å), as expected upon switching from sp1 to sp2 

hybridization for the internal nitrogen atom. 4-NHPh was 

slowly oxidized in dichloromethane to the neutral tungsten(VI) 

complex 5-NHPh (δ31P = 39.7 ppm), in which the tungsten-

bound bromide and one dppe ligand have been replaced by three 

chloride ligands (Scheme 5b). 

 

Scheme 5. Reactions of 2-Mes with protic reagents. 

The solid-state structure of 5-NHPh confirms the 1,2-addition 

of the aniline N‒H bond across the terminal B2‒N2 bond, the 

NH and BNHPh functionalities being in a trans conformation. 

The NBNBN framework is quasi-planar (torsion angles N1-B1-

N2-B2 ‒169.4(8), B1-N2-B2-N3 ‒6.2(15)°), with relatively 

short B1‒N2 and B2‒N3 bonds (1.407(10), 1.409(11) Å) and a 

slightly longer N2‒B2 bond (1.466(12) Å), all within the range 

of partial double bonds. Similar oxidation processes were also 

observed for 4-OPh and 4-SPh in CH2Cl2, albeit at a slower rate 

(see Figs. S54-S56 in the SI).  

Conclusions 

We have shown that tungsten diboranyldiazenido complexes, 

formed by the 1,3-bromoboration of trans-[W(N2)2(dppe)2] 

with a diaryl(dibromo)diborane(4) (B2Br2Ar2) rearrange under 

very mild reaction conditions by insertion of one boron atom 

into the N=N bond and Br-Ar ligand exchange between the bo-

ron atoms of to a 2-aza-1,3-diboraallenylimino complex dis-

playing a linear cumulenic B=N=B moiety. A theoretical mech-

anistic study shows that the reaction proceeds via a cyclic NB2 

transition state, leading to an intermediate boryliminoborane 

and tungsten nitride complex, which recombine by adduct for-

mation between the nitride ligand and the electron-deficient 

iminoborane boron atom. This last step provides a platform for 

expanding this chemistry to the N-functionalization of other 

transition-metal nitride complexes with iminoboranes. Room-

temperature reactions of the B=N=B moiety with various protic 

reagents (HY) resulted in protonation of the central nitrogen 

atom and Br-Y ligand exchange at the terminal boron atom, 

providing cationic (borylamino)borylimino tungsten com-

plexes. The end-on addition to, and insertion into, a metal-

bound dinitrogen ligand of a boryl (BArBr) and a boranediyl 

(BAr) moiety, combined with the subsequent 1,2-addition of 

protic reagents to the resulting allenic B=N=B functionality, 

provides the first example of tandem dinitrogen split-

ting/borylation incorporating both nitrogen atoms into the same 

product.  
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