
        

Citation for published version:
Johnson, A, Flanagan, K, Parish, J & Fox, M 2019, 'Synthetic, Structural and Computational Studies on Heavier
Tetragen and Chalcogen Triazenide Complexes', Inorganic Chemistry, vol. 58, no. 24, pp. 16660-16666.
https://doi.org/10.1021/acs.inorgchem.9b02757

DOI:
10.1021/acs.inorgchem.9b02757

Publication date:
2019

Document Version
Peer reviewed version

Link to publication

Publisher Rights
Unspecified
This document is the Accepted Manuscript version of a Published Work that appeared in final form in Inorganic
Chemistry, copyright © American Chemical Society after peer review and technical editing by the publisher. To
access the final edited and published work see https://dx.doi.org/10.1021/acs.inorgchem.9b02757

University of Bath

Alternative formats
If you require this document in an alternative format, please contact:
openaccess@bath.ac.uk

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 09. Mar. 2023

https://doi.org/10.1021/acs.inorgchem.9b02757
https://doi.org/10.1021/acs.inorgchem.9b02757
https://researchportal.bath.ac.uk/en/publications/3d40f26b-15ca-4c7c-ad55-f4d53eef18d3


Synthetic, Structural and Computational Studies on Heavier Tetra-
gen and Chalcogen Triazenide Complexes. 

Kerry R. Flanagan,a James D. Parish,a Mark A. Foxb* and Andrew L. Johnson.a* 

a)Department of Chemistry, University of Bath, Claverton Down, Bath, BA2 7AY. UK.  
b)Department of Chemistry, University of Durham, South Road, Durham, DH1 3LE. UK. 

KEYWORDS : Triazenide, Germanium, Tin, Lead, Selenium, Tellurium, DFT. 

Supporting Information Placeholder 

ABSTRACT: The syntheses of the triazenide complexes 

[{N(NDipp)2}2M] (Dipp = 2,6-di-isopropylphenyl; M = Ge(II) (1), 

Sn(II) (2), Pb(II) (3) and Te(II) (5)) are described for the first time. 

These compounds have been characterized by single-crystal X-ray 

diffraction and heteronuclear NMR spectroscopy. DFT calcula-

tions were employed to confirm the presence and nature of the ste-

reochemically active lone pairs in 1-5, alongside the Gibbs energy 

changes for their general synthesis, which enable the rationalisation 

of observed reactivities.  

Amidinates, guanidinates and triazenides1, 2 are part of the 

wider family of monoanionic-heteroallylic ligands,3-7 and 

are extremely common ligands in co-ordination chemistry 

(Chart 1). In main group chemistry, they are often used to 

kinetically stabilize coordinatively unsaturated and typically 

low-oxidation state complexes.8-22 The attraction of these 

monoanionic, κ2-N,N coordinating systems is due to their 

relative ease of synthesis13, 23 and their variability with re-

spect to steric and electronic properties. For heteroallylic lig-

ands, such properties may be fine-tuned by the informed 

choice of substituents on either the terminal nitrogen atoms 

or the central hetero-atom (Chart 1). As such, these versatile 

ligands have been employed in complexes across the transi-

tion metals,24-29 lanthanide and actinide elements,15, 30-33 as 

well as a limited number of p-block metals.18-22, 34, 35 

 

Chart 1: General form of the amidinate, guanidinate and tri-

azenide anions and the effect of sterics on N-orbital projection. 

Triazenides, in contrast to amidinates and guanidinates 

which are comparable in their bonding modes, have not been 

as popular as ligands for the main group elements, despite 

the fact that simple triazenes have been known and used as 

ligands for many years. In contrast, these ligands have been 

popular for transition metals, and just as with their amidinate 

and guanidinate congeners, triazenide ligands display a 

range of monodentate and chelating coordination arrange-

ments (Chart 2).1 The differences in electronegativity of the 

central element of the ligands (N vs C)12 affects the electron 

donating ability of the terminal 19 groups, as well as the rel-

ative projection of the orbitals on the two terminal 19 donor 

groups. In triazenide systems these orbitals are approxi-

mately parallel due to the lack of steric perturbation caused 

by substituent groups on the central N-atom, resulting in 

wider bite angles compared to the related amidinate and 

guanidinate systems. The presence of a central nitrogen atom 

in the triazene pro-ligands also increases the acidity of the 

pro-ligands36 relative to those of amidine and guanidine 

counterparts. Accordingly, triazenide ligands are generally 

considered to be more weakly coordinated to metals, with 

amplified electrophilicity at the bound metal atom.36 Collec-

tively these features have promoted further interest in the 

chemistry of triazenide ligands of the main group elements. 

More recently, a remarkable series of P(I), As(I) and Sb(I) 

complexes have been reported using triazenide ligands.37  

 

Chart 2: Generic bonding modes and typical structures of tri-

azenide complexes. 

Recent interest in metal triazenide complexes, especially 

those of group 1, group 2, zinc and group 13 metals, has in 

part been due to their extensive coordination chemistry, but 

has also, in selected cases, been due to their potential suita-

bility in chemical vapor deposition (CVD) and sol gel pro-

cesses for the production of metal nitrides.26, 27 Surprisingly, 

triazenide complexes of the group 14 and 15 elements have 

hitherto been limited to the silyltriazene complex [{tBu3Si-

N=N-N(SnMe3)SitBu3}], formed from the reaction of 

[{tBu3Si-N3-SitBu3}]Na with Me3SnCl reported by Veith38 

and the lead triazenide {(Me3Si)3SiN3Ad}PbSi(SiMe3)3 (Ad 

= adamantyl), formed from the reaction of AdN3 with 

{(Me3Si)3Si}2Pb by Klinkhammer.39 In this report, we pre-

sent for the first time the synthesis and molecular structures 

of the M(II) triazenide complexes [{L(Dipp)}2M]  (L(Dipp) = 



 

N(NDipp)2, Dipp = 2,6-di-isopropylphenyl; M = Ge(II), 

Sn(II), Pb(II) and Te(II)). 

Results and Discussion 

The divalent complexes [{L(Dipp)}2M], M = Ge(II) (1), Sn(II) 

(2) and Pb(II) (3) were all synthesized by deprotonation of 

two equivalents of the triazene [(Dipp)N=N-N(H)(Dipp)], 

H{L(Dipp)}, with the corresponding bis-amides 

[M{N(SiMe3)2}2] (M = Ge, Sn and Pb) in toluene (eq. 1). All 

three compounds showed a high degree of solubility in tolu-

ene and hexane. 

 

Subsequent recrystallization of the products from hexanes 

and storage at low temperature (-28 oC) resulted in the for-

mation of crystalline materials suitable for single crystal X-

ray diffraction. In all cases the products were characterized 

by solution state NMR (1H, 13C, 119Sn) spectroscopy and el-

emental analysis. 

 

Figure 1. Two views of the molecule [{L(Dipp)}2Ge] (1) are 

shown, with thermal ellipsoids drawn at the 50% probability 

level. The {iPr} groups are shown as wire frames and hydro-

gen atoms are omitted for clarity. Similar experimental ge-

ometries for [{L(Dipp)}2Sn] (2) and [{L(Dipp)}2Pb] (3) are de-

picted in Figure S1. Selected bond lengths [Å], angles, and 

torsion angles [°] in sequence Ge (1), Sn (2), Pb (3): M1–N1 

2.186(2), 2.3402(16), 2.431(2); M1–N4 2.206(2), 

2.3380(16), 2.434(2); M1–N3 2.014(2), 2.2289(17), 

2.332(3); M1–N6 2.002(2), 2.2162(16), 2.363(2); N1–M1–

N4 137.37(7), 129.18(6), 125.51(8); N3–M1–N6 104.17(8), 

101.40(6), 100.46(9); N1–M1–N3 59.48(7), 55.16(6), 

53.02(9); N4–M1–N6 59.73(7), 55.44(6), 52.59(8). 

The 1H NMR spectroscopic data of 1 and 2 (see Supporting 

Information), recorded in [D6]-benzene solutions at room 

temperature, were consistent with simple symmetrical struc-

tures in which the methyl groups in 2,6-di-isopropylphenyl 

moieties are magnetically inequivalent. For 1, two doublets 

at  = 1.12 and 1.10 ppm are observed, alongside a broad 

multiplet at  = 3.41 ppm and resonances for the aromatic 

region  = 7.06-7.13 ppm in the 1H NMR spectrum. This is 

consistent with restricted rotations about the nitrogen-phenyl 

bonds such that the methyl groups on either side of the plane 

of the phenyl ring are in different magnetic environments. 

The Sn(II) complex (2) NMR spectroscopy (1H and 13C) re-

veals a similar series of resonances and the 119Sn chemical 

shift was observed at  = -198.9 ppm.  

For the Pb(II) complex (3), the 1H NMR spectrum shows the 

presence of one doublet and one septet, at  = 1.12 and 3.40 

ppm respectively, consistent with free rotation about the ni-

trogen-phenyl bonds on the NMR time scale thus rendering 

all methyl groups in the {Dipp} groups magnetically equiv-

alent. The 207Pb{1H} NMR spectrum showed a single broad 

resonance at  = 2520 ppm, which correlates well with the 

predicted 207Pb chemical shifts (~ 2893 ppm) using 

Wrackmeyer’s correlation concerning the corresponding tin 

analog.40 

The molecular structure of 1 is shown in Figure 1, along with 

significant bond distances and angles, for all three isostruc-

tural complexes. The molecular structures of the analogous 

complexes [{L(Dipp)}2M] (M = Sn (2) and M = Pb (3) are 

included in the supplementary information. The compounds 

crystallize in the monoclinic space groups P21/n (1) and P21/c 

(2 and 3) respectively, and are essentially isostructural with 

the known formamidinate systems [{HC(NDipp)2}2M] (M = 

Ge,41 Sn42 and Pb43).  
Average Bond Lengths (Å) 

 
 Ge Sn Pb 

 

E N C(H) N C(H) N C(H) 

a 2.195 2.276 2.339 2.375 2.43 2.46 

b 2.008 2.001 2.223 2.232 2.35 2.35 

c 1.31 1.31 1.31 1.31 1.30 1.30 

 
Ref: 

This 
work 

41 
This 
work 

42 
This 
work 

43 

Average Bond Angles (°) 

 
 Ge Sn Pb 

 

E N C(H) N C(H) N C(H) 

 59.6 62.0 55.3 57.9 52.8 55.3 

 106.7 115.0 108.4 116.7 109.5 118.1 

 137.3 140.6 129.2 133.2 125.5 129.6 

 104.2 102.8 101.4 102.4 100.5 100.1 

 
Ref: 

This 
work 


This 
work 


This 
work 



Figure 2. A comparison of average bond lengths and bond angles 

for the isostructural triazenide complexes, 1-3, and the related 

formamidinate complexes [{HC(NDipp)2}2M] (M = Ge,41 Sn42 and 

Pb43). 



 

All three isostructural complexes (1-3) possess four coordi-

nate metal centers supported by two bidentate κ2-triazenide 

ligands and are structurally comparable to the previously re-

ported formamidinate complexes of the form 

[{HC(NDipp)2}2M] (M = Ge,41 Sn42 and Pb43). While the M-

N bonds in 1-3 are asymmetric, with one ca. 0.1 Å longer, 

the bond lengths increase as expected in the order Ge < Sn < 

Pb, and are in good agreement with the interatomic distances 

reported for comparable germanium, tin and lead com-

plexes.43-46 While the asymmetric M-N bonds may be sug-

gestive of some M–N(amido) vs. M–N(amino) type binding, 

this is not reflected in the N–N bond lengths of the triazen-

ides, where the N–N bond lengths are statistically similar in 

each compound. 

As can be seen from Figure 2, a comparison between com-

plexes 1-3 and the known formamidinate complexes 

[{HC(NDipp)2}2M] (M = Ge,41 Sn42 and Pb43), general trends 

within this family of complexes can be observed. For a given 

metal (e.g. Ge), the equatorial M-N interactions (b) for the 

triazenide and formamidinate ligands are very similar [2.008 

vs 2.001 Å]. The differences between complexes arise in the 

axial M-N interactions (a) [2.195 vs 2.276 Å] which is in 

turn a result of the more acute angle at the central atom (i.e. 

N or C(H)) of the heteroallylic ligand. The smaller N atom 

induces a more acute N-E-N angle [106.7° vs 115.0°]. 

Across complexes 1-3 the two triazenide ligands are orien-

tated in a cisoidal fashion about the metal centres, which 

leaves a significant area of the coordination sphere of the 

metal atom exposed which is indicative of a stereochemi-

cally active lone pair on the metal centres. Due to their acute 

bite angles [N1-M1-N3 and N4-M1-N6 (see Fig. 1)], which 

gradually reduce in the sequence Ge > Sn > Pb, the four ni-

trogen atoms are disposed such that the geometries about the 

central metal atom lie somewhere between trigonal bipyram-

idal and square-based pyramidal geometries, as determined 

by the geometric value  [Ge = 0.55; Sn = 0.46; Pb = 0.42]. 

where the geometry about the metal centre lies closest to 

trigonal bipyramidal for compound 1. The geometric se-

quence 1 < 2 < 3 is apparently a result of the increasing size, 

diffuseness and s-character of the lone pair on the metals 

(vide infra).47 As with the related formamidinate41-43 and 

guanidinate46 systems which contain the sterically demand-

ing {Dipp} groups23, 48-50 Ref Chlupaty, Cole, Green, Nim-

itsiriwat the aromatic rings are twisted out of the plane of the 

cyclic {MN3} cores, with angles approaching perpendicular-

ity (Table S2). 

Initial attempts to prepare the heteroleptic triazenide/amide 

complexes [{L(Dipp)}M{N(SiMe3)2}] by direct stoichio-

metric (1:1) reaction of bis-amides [M{N(SiMe3)2}2] (M = 

Ge, Sn and Pb) with H{L(Dipp)} in both toluene and THF were 

unsuccessful, resulting in the isolation of the bis(triazenide) 

compounds 1-3. We attribute this failure to prepare the het-

eroleptic-M(II) species to the stronger acidity of the tri-

azenide ligands {N-H} relative to that of the H-N(SiMe3)2. 

The reactivity of the bulky triazene H{L(Dipp)} with chalco-

gen analogues [Se{N(SiMe3)2}2] and [Te{N(SiMe3)2}2] in 

toluene was also investigated. In both cases, attempts were 

made to synthesize and isolate the homoleptic and heterolep-

tic species [{L(Dipp)}M(II){N(SiMe3)2}] (M = Se and Te) and 

[{L(Dipp)}2Se] (4) and [{L(Dipp)}2Te] (5) using the same pro-

tocols as described earlier for the tetragens. In the case of the 

selenium compounds, no reaction was observable, irrespec-

tive of stoichiometry of triazene used, with the starting ma-

terials [Se{N(SiMe3)2}2] and H{L(Dipp)} being isolated on 

several occasions from the reaction mixtures, indicative of a 

lack of reactivity, rather than instability of a product.  De-

spite repeated attempts to form the analogous Se(II) systems, 

including an investigation into the reactivity of Se2Cl2 with 

the lithiated triazenide ligand, [Li{L(Dipp)}], made in-situ 

from reaction of H{L(Dipp)} with [Li{N(SiMe3)2}], the de-

sired  complex [{L(Dipp)}2Se] remains elusive.  

By contrast, in the case of tellurium, the expected bis-tri-

azenide complex [{L(Dipp)}2Te] (5) was formed and isolated 

from concentrated toluene solution at 28 °C (eq. 2). The 1H 

NMR spectroscopic data for 5 (see Supporting Information), 

recorded in [D6]-benzene solutions at room temperature, are 

consistent with a simple symmetrical structure in which the 

methyl groups of the {Dipp} moieties are equivalent. One 

broad doublet at  = 1.21 ppm, a single broad septet at  = 

3.47 ppm and resonances for the aromatic region  = 7.07-

7.22 ppm are observed in the 1H NMR spectrum. 

 

The molecular structure of 5 is shown in Figure 3 along with 

significant bond distances and angles. The compound crys-

tallized in the triclinic space group P-1. Here, the central Te 

atom is four coordinate with the two {L(Dipp)} ligands, which 

act as bidentate chelating ligands to the Te centre, arranged 

such that the Te and the six nitrogen atoms of the {L(Dipp)} 

ligands are approximately coplanar (an angle of 19.16° ex-

ists between the two {TeN3} rings fused at Te). This results 

in a distorted square planar geometry or a trapezoidal-planar 

configuration. The sum of the angles around Te is 361.5(1)°. 

The overall geometry about the Te atom is suggestive of the 

presence of two stereoactive lone pairs of electrons on Te 

centre, which lie above and below this {TeN4} plane (ibid).  

Despite the 2-like coordination of the triazenide ligands, the 

two short Te-N bonds [Te1-N3 2.1698(12) Å;  Te1-N4 

2.1608(12) Å] are slightly longer than other Te(II)-N single 

bonds observed in structurally characterized tellurium(II) 

bis-amide complexes, such as [Te{N(SiMe3)2}]51 and 

[Te{NMe2}2]Ꝏ 52 [Te-N Ave. 2.05 Å]. This bond lengthen-

ing may be a result of steric repulsion between the coplanar 

{Dipp} moieties. Contrastingly, the longer Te-N interactions 

[Te1-N1 2.3996(12)Å;  Te1-N6 2.6242(12) Å], although  

shorter than the sum of the van der Waals radii of Te and N 

(3.70 Å), are most aptly described as weakly co-ordinating 

Te···N interactions, similar to those observed in polymeric 

[Te{NMe2}2]Ꝏ [average intermolecular Te···N distance 2.96 

Å].52  



 

 
Figure 3. Two views of the molecule structure of the complex 

[{L(Dipp)}2Te] (5), with thermal ellipsoids drawn at the 50% prob-

ability level. The {iPr} groups are shown as wire frames and hydro-

gen atoms have been omitted for clarity. Selected bond lengths [Å], 

angles, and torsion angles [°]: Te1–N1 2.3996(12); Te1–N3 

2.1698(12); Te1–N4 2.1608(12); Te1–N6 2.6242(12); N1-N2 

1.2789(17); N2-N3 1.3290(17); N4-N5 1.3309(17); N5-N6 

1.2771(17); N1–Te1–N6 165.50(4); N3–Te1–N4 88.59(4); N1–

Te1–N3 54.92(4); N4–Te1–N6 52.41(4). 

 

 

Chart 3: Symmetric and asymmetric metal-triazenide bonding mo-

tifs. 

The asymmetric Te-N bonding is mirrored in the N-N dis-

tances of the {L(Dipp)} ligands which, when compared to 

complexes 1-3, display localized bonding with one single N-

N bond [N3-N2 1.3290(17) Å; N4-N5 1.3309(17) Å] and 

one N=N [N1-N2 1.2789(17) Å; N5-N6 1.2771(17) Å] bond 

(Chart 3) and results in ligand bite angles of 67.81(9)° [N1-

Te-N3] and 68.4(2)° [N4-Te-N6]. A N3-Te-N4 bond angle 

of 88.6° for the shorter Te-N bonds suggests the absence of 

sp-hybridisation at the Te(II) centre and that the tellurium–

ligand bonds almost exclusively involve the p-orbitals; the 

nature of the electron lone pairs in compound 5 may there-

fore be considered as populating a 5s2 5p2  configuration. As 

with complexes 1-3, the sterically demanding 2,6-di-iso-

propylphenyl rings on 5 are twisted out of the plane of the 

cyclic {MN3} cores, with angles between the Te1-N1-N2-

N3 and Te-N4-N5-N6 planes and the phenyl rings {C1-C6} 

and {C13-C18} / {C41-C46} and {C53-C58} respectively 

approaching perpendicular [{TeN3}-{C1-C6}: 78.72(3)°, 

[{TeN3}-{C13-C18}: 85.83(3)°, [{TeN3}-{C41-C46}: 

78.61(3)°, [{TeN3}-{C53-C58}: 72.18(3)°. 

Attempts to synthesize and isolate the heteroleptic tri-

azenide/amide complex, [{L(Dipp)}Te{N(SiMe3)2}], by direct 

stoichiometric (1:1) reaction of [Te{N(SiMe3)2}2] with 

H{L(Dipp)} in a range of solvents were unsuccessful resulting 

in the isolation of the heteroleptic bis-triazenide complex 5. 

 

Computational studies 

To support our interpretations of the experimental geome-

tries and observed NMR data for 1, 2 and 5, and to examine 

whether compound 4 could be successfully synthesized, hy-

brid density functional theory (DFT) calculations were un-

dertaken. The optimized geometries for 1, 2 and 5 are in ac-

cord with the experimental geometries (Table S3) where 

electronic structure calculations confirm the presence of one 

stereochemically active lone pair per central atom in 1 and 2 

and two stereochemically active lone pairs at Te in 5.  

 

Figure 4 shows the highest occupied molecular orbital 

(HOMO) for 1 where the lone pair is predominantly located. 

The percentages of s and p character are not obtained directly 

from the electronic structure calculations so the s and p con-

tributions here are quoted from NBO analyses. Generally, 

NBO analyses on optimized geometries make correct pre-

dictions about the number of lone pairs and the percentage 

participation of s and p orbitals in making up a particular 

lone pair thus matching hybridization concepts. However, 

these analyses show the occupancies in localized MOs in-

stead of the expected geometrical location of the lone pairs 

as observed from the relevant highest occupied MOs from 

electronic structure calculations.53 NBO analyses reveal that 

the lone pair contains 70% s-character for Ge in 1 and 84% 

s-character for Sn in 2 supporting the increasing structural 

distortion from 1 to 2.  

 

Figure 4. A representation of the HOMO of 1 showing the lone 

pair on the metal. 

The highest occupied molecular orbitals, HOMO and 

HOMO-1 for 5 corresponding to the lone pairs are shown in 

Fig. 5. The lone pairs at Te in 5 are populated with 5s2 and 

5p2 orbital electrons according to NBO computations. One 

lone pair at Te has 93% s- and 7% p-character and the other 

lone pair has 100% p-character. 



 

Figure 5. A representation of the HOMO and HOMO-1 orbitals of 

5, depicting the two stereoactive lone pairs on Te. 

 

The non-equivalent NMR peaks assigned to the methyl 

groups of 1 and 2 suggest that the energies required for in-

version at the metal atom are too high for fluxional inversion 

processes in solutions to render equivalent methyl groups. 

The energies for the transition state geometries involved in 

the fluxional inversion processes were estimated to be 34.1 

kcal mol-1 higher than the energy minimum for 1 and 43.9 

kcal mol-1 higher than the energy minimum for 2. Both 

Gibbs energy barriers calculated at 298.15 K are indeed too 

high for the fluxional inversion processes to take place in 

solutions at ambient temperatures. However, the Gibbs en-

ergy of the corresponding transition state geometry involved 

in the fluxional process for 5 is only 13.4 kcal mol-1 higher 

in energy than the energy minimum. Such fluxional pro-

cesses are expected in solutions of 5 thus peaks assigned to 

equivalent methyl groups are observed experimentally. 

These transition state geometries are visualized in Figures 

S3-S8. 

A geometry optimization of the unknown Se compound, 4, 

was carried out using the geometry of 5, determined by sin-

gle crystal X-ray diffraction, as the starting geometry with 

Te replaced by Se. One of the four {Dipp} groups changed 

orientation (from 66° to 22°) during the optimization process 

to give a minimum. It seems that there is a significant steric 

effect on the Dipp group orientations by replacing the Te 

atom with the smaller Se atom (Figure 6). The calculated 

Gibbs energy changes for the general reaction:  

 

2 {L(Dipp)}H + [M{N(SiMe3)2}] 

                                        → [{L(Dipp)}2 M] + 2 (Me3Si)2NH 

 

were -34.0, -43.6, -7.9 and -23.2 kcal mol-1 for 1, 2, 4 and 5 

respectively (Table S4). These relative values show 4 to be 

less favorable thermodynamically than the others but do not 

rule out the possibility that 4 could be made experimentally.  

 

Conclusions 

The purpose of this study was to generate a new class of 

main group triazenide complexes. As a key part of the study, 

we also wished to explore the nature of the bonding in an 

isostructural series of germanium, tin and lead complexes, 

as well as the related selenium and tellurium complexes, to 

gain an appreciation of the nature and relative influences of 

the lone pairs. 

 

 

Figure 6. Optimized geometries for 4 (left) and 5 showing the 

twisted {Dipp} group orientation in 4 due to steric effects by the 

smaller Se atom in 4. 

To this end, we have generated the first reported examples 

of Ge(II), Sn(II), Pb(II) and Te(II) bistriazenide complexes. 

The tetragen (Ge, Sn, Pb) systems all appear to be relatively 

stable. The solid state molecular structures of these com-

plexes showed that the geometry around the metal center 

changes from trigonal bipyramidal to square-based pyrami-

dal as the group is descended from Ge to Sn and Pb. By con-

trast, attempts to synthesize the chalcogen complexes 

[{L(Dipp)}2M] (M = Se, Te) were met with mixed success. 

Multiple attempts to make the Se derivative were unsuccess-

ful, whereas the Te-triazenide compound was formed in near 

quantitative yield. The solid state structure of the latter re-

veals a distorted square planar geometry about the central 

four-coordinate Te atom. 

Electronic structure calculations confirm the presence of one 

stereochemically active lone pair per central atom in the tet-

ragon complexes and two stereochemically active lone pairs 

in the tellurium complex. Hybrid-DFT calculations also sug-

gest that the Gibbs free energy barriers to metal inversion are 

too high to allow fluxionality to take place in solution for the 

Ge and Sn complexes. In the case of the Te complex, the 

Gibbs free energy of the fluxional process is only 13.4 kcal 

mol-1 higher in energy than the calculated energy minimum, 

consistent with the observation that the dynamic behavior 

occurs in solution on the NMR timescale. Energies from ge-

ometry optimizations of the unknown Se triazenide complex 

along with other complexes synthesized, show that the for-

mation of the Se molecule is the least thermodynamically 

viable. Synthesis of a selenium-triazenide complex may 

prove possible using a triazenide ligands with reduced steric 

bulk, and will be investigated in the near future.  
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Synopsis: A series of bis-triazenide complexes of the heavier tetragen (M = Ge, Sn and Pb) and chalcogen 

(M = Te) elements have been synthesized by the direct reaction of the triazene with M[N(SiMe3)2]2. These 

systems have been characterized by X-ray diffraction and solution NMR studies 

 

 


