
(MeZn)2(µ-ƞ2:ƞ2-N6Ph2) - A Powerful Starting Reagent for the Syn-
thesis of Metal Hexazene Complexes 

Christian Stienen, Sebastian Gondzik, Alexander Gehlhaar, Rebekka Haack, Christoph Wölper, 
Georg Jansen and Stephan Schulz* 

Institute of Inorganic Chemistry, University of Duisburg-Essen, Universitätsstr. 5-7, D-45117 Essen, Germany. 

Supporting Information Placeholder 

ABSTRACT: [(MeLDippZn)2(μ-η2:η2-PhN6Ph)] (3), which was synthesized by reaction of MeLDipp2Zn2 with PhN3, reacts with two 
equivalents of Me2Zn to [(MeZn)2(μ-η2:η2-PhN6Ph)] (2). The reaction of 2 with pyridine gave [(MeZn)2(μ-η2:η2-
PhN6Ph)(Py)2] (4), while reactions with H-acidic ligands (MeLMesH, MeLPhH) occurred with elimination of methane and for-
mation of [(MeLMesZn)2(μ-η2:η2-PhN6Ph)] (1) and [(MeLPhZn)2(μ-η2:η2-PhN6Ph)] (5). The reaction of 1 with two equivalents of 
MeLi yielded the heterobimetallic hexazene complex [(MeZn)(μ-η2:η2-PhN6Ph)(Li)], which was found to undergo stepwise 
reaction with Me2AlCl to [MeZn(μ-η2:η2-PhN6Ph)AlMe2] and finally [(Me2Al)2(μ-η2:η2-PhN6Ph)(thf)2] (6). 3 - 6 were charac-
terized by elemental analysis, NMR spectroscopy and single crystal X-ray diffraction. Quantum chemical calculations were 
performed in order to investigate the electronic structure of 4’ and 6’ in more detail and to identify the absorption bands of 
the hexazene unit. 

INTRODUCTION 
Reactions of low-valent metal organic complexes with 
azides RN3 have been widely studied.[1] Two-electron re-
ductants such as monovalent [Cp*Al]4 (Cp* = C5Me5) typi-
cally react with elimination of N2 and formation of imino-
alanes [Cp*AlNR']x.[2] In contrast, one-electron reductants 
such as Al2(CH(TMS)2)4 were found to react with insertion 
of the RN3 unit into the Al-Al bond or with reductive cleav-
age of the R-N3 bond and subsequent elimination of R-R 
and formation of azido-bridged complexes.[3] Comparable 
mechanism were observed for reactions of the Fe(II) hy-
dride [tBuLDippFeH]2 (tBuLDipp = HC[C(t-Bu)N(2,6-i-
Pr2C6H3)]2) and for the Fe(I) complex [tBuLDippFe]2N2 with 
Me3SiN3, yielding [tBuLDippFeN3]2 (A) with bridging azido 
groups as well as Si2Me6.[4] In contrast, [tBuLDippFeH]2 reacts 
with AdN3 with insertion into the Fe-H bond and formation 
of the triazenido complex [tBuLDippFe(N(H)NNAd)]2 (B).[4] 
The analogous reaction of [MeLDippFe]2N2 (MeLDipp = 
HC[C(Me)N(2,6-i-Pr2C6H3)]2), a convenient Fe(I) source,[5] 
with AdN3 in the presence of coordinating tert-butyl pyri-
dine yielded the metastable imidoiron(III) complex MeLD-

ippFe(NAd)(t-BuPy) (C),[6] which was found to consequently 
react with another equivalent of AdN3 in a dipolar 1,3-
cycloaddition reaction with formation of MeLD-

ippFe(AdNNNNAd) (D) containing a monoanionic (radical) 
tetrazene ligand.[7] Key step is the displacement of N2 in 
[MeLDippFe]2N2 by the strongly coordinating solvent. The 
resulting monometallic, solvated complex MeLDippFe(solv.) 
reacts with AdN3 with formation of non-isolable MeLD-

ippFeII(N3Ad•−) containing a radical monoanion, which elim-
inates N2 with subsequent formation of MeLDippFe=NAd. 
This Fe(III) imido complex finally reacts to the tetrazene 

complex.[7]Tetrazene complexes were also obtained from 
reactions of Al(I),[8,9,10] Ga(I)[11] and Fe(I)[12] complexes 
with two equivalents of AdN3. In contrast, in the absence of 
any coordination solvents, the first hexazene complex 
[MeLDipp2Fe]2(μ-η2:η2-PhN6Ph) (E) containing a dianionic 
Ad2N6 unit was obtained (scheme 1).[13] According to 
QM/MM computations,[14] the diiron organoazide interme-
diate (MeLDippFe)2(μ-N3Ad) is formed first, which yields the 
hexazene complex upon addition of a second AdN3 mole-
cule.  

Scheme 1: Representative Fe-N compounds as ob-
tained from reactions of β-diketiminato iron complex-
es with RN3. 
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Metal hexazene complexes, which in remarkable contrast 
to neutral hexaazadienes are thermally very stable,[15-19] 
have received growing interest since their initial discovery 
by Holland.[13] They are typically synthesized by reactions 
of strong one-electron reductants with organic azide RN3. 
In particular the sterically demanding 1-azidoadamantane 
(AdN3) was investigated in reactions with iron(I)[13,20] and 
magnesium(I) complexes[21,22] containing N,N'-chelating β-
diketiminato ligands. In addition, an iron(III) hexazene 
complex was prepared by reaction of AdN3 with a less 
reducing bis(alkoxide) iron(II) complex.[23] According to 
density functional theory (DFT) studies, the latter reaction 
proceeds via initial formation of a dimeric complex con-
taining two Fe(III) ions antiferromagnetically coupled to 
the monoreduced, bridging azide radicals, which then 
reacts to the hexazene complex.[23] 

We recently reported on reactions of the one-electron 
reducing Zn(I) complex (MeLMes)2Zn2 (MeLMes = 
HC[C(Me)N(2,4,6-Me3C6H2)]2) with organic azides includ-
ing the sterically less demanding PhN3, yielding the first 
Zn(II) hexazene complex [(MeLMesZn)2(μ-η2:η2-PhN6Ph)] 
(1).[24] Reactivity studies proved that 1 is a suitable hexa-
zene transfer reagent. Reactions with main group metal 
and transition metal alkyl complexes such as ZnMe2, AlMe3 
and MeLi in different molar ratios occurred with elimina-
tion of MeLMesZnMe and subsequent formation of homo- and 
heterobimetallic hexazene complexes such as [(MeZn)2(μ-
η2:η2-PhN6Ph)] (2), [(Me2Al)2(μ-η2:η2-PhN6Ph)], [MeZn(μ-
η2:η2-PhN6Ph)AlMe2] and [(MeZn)(μ-η2:η2-PhN6Ph)(Li)], 
respectively.[25] Unfortunately, only 2 was structurally 
characterized by single crystal X-ray diffraction. 

Herein we report on the synthesis of two hexazene com-
plexes and their reactions with a Lewis base (pyridine), H-
acidic ligands (MeLMesH, MeLPhH = HC[C(Me)N(Ph)]2) as well 
as metal alkyls (ZnMe2, MeLi) and a metal halides 
(Me2AlCl). 

Results and Discussion 

The reaction of MeLDipp2Zn2 with 2 eq PhN3 yielded an or-
ange crystalline solid (scheme 2), whose 1H and 13C NMR 
spectra showed resonances of the β-diketiminato ligand 
and the Ph groups in the expected 1:1 molar ratio. The 
formation of the hexazene complex [(MeLDippZn)2(μ-η2:η2-
PhN6Ph)] (3) is further supported by its IR spectrum, 
which shows absorption bands at 946, 1210, 1257 and 
1346 cm-1, which agree well to those observed for 1 (947, 
1198, 1259, 1349 cm-1).[24]  

Scheme 2: Reactions of one-electron reducing Zn(I) 
compounds with PhN3. 

Orange crystals of 3 were obtained upon storage of a solu-
tion of 3 in fluorobenzene at 4 °C (fig. 1). A single crystal X-
ray diffraction study revealed the formation of the hexa-

zene complex [(MeLDippZn)2(μ-η2:η2-PhN6Ph)] (3), which 
crystallizes in the triclinic space group P-1 with one mole-
cule in the unit cell. 3 contains a crystallographic inversion 
center between N5 and N5A, that renders the two halves of 
the molecule equivalent. The Zn atoms in 3 are slightly out 
of the plane (deviation from least-squares plane of N1, N2, 
C1, C2 and C3: 0.564(3) Å) of the six-membered C3N2Zn 
rings as was observed in the starting Zn(I) complex MeLD-

ipp2Zn2.[26] The C-C, C-N and Zn-N bond lengths as well as 
the endocyclic and exocyclic bond angles of the six-
membered ring of 3 are nearly identical to those observed 
in MeLDipp2Zn2.[26] The ZnN4 moiety forms an almost perfect 
planar metallacycle (r.m.s deviation from least-squares 
plane 0.0037 Å) as was observed for 1. The central struc-
tural motif of 3 is the dianionic hexazenediide PhN6Ph, 
which adopts a bridging position and is connected to two 
four-coordinate Zn atoms. The central N5−N5A bond 
(1.398(5) Å) is significantly elongated compared to the 
almost identical N3-N4 (1.313(3) Å) and N4-N5 bonds 
(1.302(3) Å) as is typical for metal hexazene complexes. 
The N3-N4-N5 bond angle of 117.0° is also comparable to 
those previously reported for hexazene complexes.[13,20-25] 

Figure 1: Molecular structure of 3; H atoms and disordered 
solvent molecule are omitted for clarity. 

As was observed for 1, 3 reacts with 2 equivalents of 
ZnMe2 with elimination of MeLDippZnMe (scheme 3), which 
was identified by 1H NMR spectroscopy, and subsequent 
formation of the known hexazene complex [(MeZn)2(μ-
η2:η2-PhN6Ph)] (2), which was obtained as dark red sol-
id.[25]  

Scheme 3: Synthesis of [(MeZn)2(μ-η2:η2-PhN6Ph)] 2. 

2 is insoluble in non-coordinating solvents such as pen-
tane, cyclohexane or toluene, most likely resulting from the 
intermolecular Zn⋯N interactions (2.275(2) Å) between 
adjacent hexazene complexes in 2 due to the electron defi-
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ciency of the threefold-coordinated Zn atom, which lead to 
a ladder-like one-dimensional polymeric structure of 2. 
However, the intermolecular Zn⋯N interactions can be 
disrupted in reactions with strong Lewis bases such as 
acetonitrile[25] and pyridine (scheme 4), resulting in the 
formation of the Lewis base-coordinated hexazene com-
plex (MeZn)2(μ-η2:η2-PhN6Ph)(Py)2 (4).  

Crystals of 2 were suspended in C6D6, yielding a deep red 
suspension, which immediately turned to a yellow solution 
upon addition of pyridine. 4 shows the expected resonanc-
es of the Zn-Me substituent, the Ph groups of the hexazene 
moiety and the coordinating pyridine in a relative intensity 
of 1:1:1. The 1H NMR resonances of the pyridine molecule 
(7.17, 7.88 and 8.16 ppm) are significantly shifted com-
pared to free pyridine (6.66, 6.86 and 8.53 ppm).[27] 
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Table 1: Bond lengths[Å] and angles[°] of the hexazene unit in structurally characterized zinc hexazene complexes. 

N1-N2 N2-N3 N3-N3' N1-N2-N3 

[(MeLMesZn)2(μ-η2:η2-PhN6Ph)] 1[24] 1.304 1.302 1.403 117.350 

[(MeZn)2(μ-η2:η2-PhN6Ph)] 2[25] 1.305 1.299 1.377 118.374 

[(Me(Do)Zn)2(μ-η2:η2-PhN6Ph)][25] 1.310 1.297 1.402 117.352 

[(MeLDippZn)2(μ-η2:η2-PhN6Ph)] 3[a] 1.313(3) 1.302(3) 1.398(5) 117.0 

[(MeZn)2(μ-η2:η2-PhN6Ph)(Py)2] 
4[a] 

1.308(13) 1.298(13) 1.395(19) 117.21(9) 

[(MeLPhZn)2(μ-η2:η2-PhN6Ph)] 5[a] 1.311(11) 1.297(14) 1.405(2) 117.21(11) 

Do: CH3CN; [a] this work 

Table 2: CH···π interactions in 4. 

D–H···Cnt Symmetry opera-
tor 

H··· Cnt D–H··· Cnt H··· R R/ Cnt ···H 

C9-H9...Cnt1 -x+1/2, -y+1/2, -
z+1 

2.78 151.2 2.691 83.9 

C10-H10...Cnt1 -x, -y+1, -z+1 3.85 126.5 2.726 50.1 

C11-H11...Cnt1 -x, -y+1, -z+1 3.67 136.4 3.292 70.9 

Cnt1: centroid of the phenyl ring 

Scheme 4: Synthesis of [(MeZn)2(μ-η2:η2-PhN6Ph)(Py)2] 
4. 

Single crystals of 4 were obtained from a concentrated 
solution in C6D6 after storage at ambient temperature for 
12 hours (fig. 2).  

Figure 2: Molecular structure of 4; H atoms omitted for clarity. 

4 crystallizes in the monoclinic space group C2/c with the 
molecule placed on a center of inversion. The zinc atoms 
are slightly out of the plane of the N4Zn rings (r.m.s. devia-
tion from the least squares plane 0.0014 Å). The N–N bond 
lengths and N1–N2–N3 bond angle within the hexazene 
unit are comparable to those observed in 2 and 3 (table 1). 
The packing is dominated by two sets of chains parallel to 
[110] and [1-10], which are formed via the C-centering 

vector. The two sets are related by 21 screw or c-glide-
plane symmetry depending on which part of the centro-
symmetric molecule is considered. 

Figure 3: Intermolecular interactions in 4 leading to chains in 
the sold state. 

The CH···π interaction between H9 and the π-system of the 
phenyl ring connects the individual molecules within the 
chains (table 2).[28] H10 and H11 form an edge-to-face 
CH···π interaction from the opposite side of the ring, which 
facilitates the connection between the sets of chains (fig. 
3). This arrangement leads to a π-stacking along [001], but 
considering the inter-centroid distance of more than 4 Å, 
any π/π interactions will be very weak - if present at all. 
Consequently, the former interactions dominate the for-
mation of this particular packing. 

Scheme 5: Reactions of 2 with H-acidic ligands. 

In addition to the tendency of 2 to undergo Lewis acid-
base reactions, 2 may also serve as suitable starting rea-
gent for further ligand exchange reactions with H-acidic 
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ligands. For instance, reactions of 2 with MeLMesH or MeLPhH 
occurred with elimination of methane (scheme 5), which 
was identified by in situ 1H NMR spectroscopy due to its 

resonance at 0.16 ppm,[27] and subsequent formation of the 
hexazene complexes 1 and [(MeLPhZn)2(μ-η2:η2-PhN6Ph)] 
(5), whereas no reaction was observed for 2 with MeLDippH. 

Table 3: Intermolecular interactions in 6. 

D–H··· A Symmetry opera-
tor 

H···A D···A D–H···A 

C3-H3...O1 -x+1, -y+1, -z+1 2.64 3.553 162.4 

D–H···Cnt Symmetry opera-
tor 

H··· Cnt D–H··· Cnt H··· R R/ Cnt ···H 

C7-H7A...Cnt1 x, y+1, z 3.28 142.0 3.045 75.8 

C12-H12B...Cnt1 x-1, y, z 3.32 111.9 3.211 83.6 

C10-H10A...Cnt1 x-1, y, z 3.47 130.4 2.762 58.6 

C9-H9A...Cnt2 -x, -y+1, -z 3.58 142.2 3.003 63.4 

Cnt1: centroid of the phenyl ring, Cnt2: centroid of N1, N2, N3, N3’ 

5 crystallizes in the triclinic space group P-1 with one 
molecule in the unit cell (fig. 4). 

Figure 4: Molecular structure of 5; H atoms are omitted for 
clarity.  

The Zn atoms in 5 are slightly out of the plane (deviation 
from least-squares plane of N1, N2, C1, C2 and C3: 
0.0819(14) Å) of the six-membered C3N2Zn rings, whereas 
the N4Zn metallacycle is almost perfectly planar (r.m.s 
deviation from least-squares plane 0.0069 Å). The central 
N5−N5' bond (1.395(19) Å) again is significantly elongated 
compared to the almost identical N3-N4 (1.308(13) Å) and 
N4-N5 bonds (1.298(13) Å) as was observed for 1 - 3. The 
N3-N4-N5 bond angle of 117.21(9)° and the N-N bond 
lengths within the hexazenediide unit are comparable to 
those previously observed in hexazene complexes.[13,20-25] 

Scheme 6: Synthesis of (MeZn)( μ-η2:η2-PhN6Ph)(Li). 

We reported recently on reactions of 1 with MeLi. The 
reaction with one equivalent occurred with elimination of 
MeLMesZnMe and formation of the heterobimetallic hexa-
zene complex (MeLMesZn)(μ-η2:η2-PhN6Ph)(Li), while the 
reaction with two equivalents occurred with stepwise 
elimination of MeLMesZnMe and MeLMesLi and formation of 
(MeZn)(μ-η2:η2-PhN6Ph)(Li) (scheme 6).[25] Unfortunately, 
several attempts to grow single crystals of these heterobi-
metallic hexazene complexes failed, to date. We became 
therefore interested in further transmetallation reactions 
of (MeZn)(μ-η2:η2-PhN6Ph)(Li) and investigated its reac-
tion with different amounts of Me2AlCl in thf solution.  

Scheme 7: Synthesis of [(Me2Al)2(μ-η2:η2-
PhN6Ph)(thf)2] 6. 

The reaction of (MeZn)(μ-η2:η2-PhN6Ph)(Li) with one 
equivalent of Me2AlCl in thf solution proceeded only with 
elimination of LiCl, which was identified by in situ 7Li NMR 
spectroscopy at 0.59 ppm (fig. S12), and formation of in-
soluble (MeZn)(μ-η2:η2-PhN6Ph)(AlMe2). Addition of the 
second equivalent of Me2AlCl either to an in situ prepared 
sample of (MeZn)(μ-η2:η2-PhN6Ph)(AlMe2) or to an isolated 
sample of (MeZn)(μ-η2:η2-PhN6Ph)(AlMe2) finally yielded 
the homobimetallic aluminum hexazene complex 
[(Me2Al)2(μ-η2:η2-PhN6Ph)(thf)2] (6) (scheme 7).  
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Figure 5: Molecular structure of 6 (displacement parameters 
are drawn at 50 % probability level, H atoms omitted) show-
ing the atom-numbering scheme; selected bond lengths (Å) 
and angles (°):Al1-C11 2.0116(16), Al1-C12 1.9857(17), Al1-
N1 2.0745(14), Al1-N3' 1.9693(15), N1-N2 1.303(2), N2-N3 
1.3084(19), N3-N3' 1.414(2); C11-Al1-C12 124.93(7), C112-
Al1-N1 94.16(6), C11-Al1-N3' 114.93(7), C11-Al1-N1 
99.32(6), C112-Al1-N3' 120.12(7), N1-Al1-N3' 73.85(6), N1-
N2-N3 115.24(13), N2-N3-N3' 113.50(16), Al1-N1-N2 
127.72(10). 

Table 4: Calculated and experimental IR data of all known hexazene compounds. 

Compound N1-N2-N3 N1-N2 (incl. Ph 
ring deformations 
for 6') 

N1-CPh N2-N3 (incl. Ph 
ring deformations) 

calc. 1’ 949 1209 1278 1302 / 1333 / 
1356 

calc. 2'[25] 947 1204 1264 1294 / 1324 / 
1347 

calc. 4'[a] 941 1200 1266 1299 / 1328 / 
1353 

calc. 6'[a] 951 1228 / 1308 1276 1328 / 1352 

calc. [MeZn]2N6Ph2[CH3CN]2[25] 943 1201 1269 1299 / 1330 / 
1352 

[MeLDippFe]2N6Ad2[13] 933  1211 1261 1315 

[tBuLDippFe]2N6Ad2[13]  1215 1257 1315 

[{R'C(NDipp)2}Fe]2N6Ad2[20] 933 1191 1257 1339 

[(t-Bu2PhCO)2Fe]2N6Ad2[23] 980 1179 1271 ≈1337 

[MeLDippMg]2N6Ad2[21] 933 1173 1263 1378 

[tBuLDippMg]2N6Ad2[22] 935 1173 1260 1365 

[MeLMesMg]2N6Ad2[22] - 1199 1269 - 

[MeLMesZn]2N6Ph2 1[24] 947 1198 1259 1300 / 1323 / 
1349 

[MeLDippZn]2N6Ph2 3[a] 946 1210 1257 1303 / 1320 / 
1346 

[MeLPhZn]2N6Ph2 5[a] 949  1199 1258 1302 / 1324 / 
1355 

[MeZn]2N6Ph2 2[25] 954 1197 1257 1300 / 1323 /1343 

[MeZn]2N6Ph2[CH3CN]2[25]  943 1203 1262 1301 / 1324 /1340 

[MeZn]2N6Ph2[Py]2 4[a] 942 1187 1256 1303 / 1324 / 
1346 

[MeLMesZn]N6Ph2[Li][25][b] 962 1207 1257 1302 / 1325 / 
1337 

[MeZn]N6Ph2[Li][25][b] 963 1204 1257 1301 / 1324 / 
1335 

[Me2Al]2N6Ph2[thf]2 6[a] 954 1232 / 1306 1279 1326 / 1341 

R'= 2,6-dimethylpiperidine; [a] this work; [b] Careful reinvestigation gave slightly different values than the originally reported 
ones. 

The by-product MeZnCl was identified by in situ 1H NMR 
spectroscopy due to its resonance at -0.89 ppm (fig. S13). 6 
precipitated as a crystalline solid which is only barely 

soluble in thf. Therefore, NMR data of 6 could not be ob-
tained in thf. 6 can also be prepared by reaction of 2 with 
two equivalents of Me2AlCl in thf solution, which proceeds 
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with elimination of MeZnCl as was shown by in situ 1H 
NMR spectroscopy, as well as by reaction of 1 with AlMe3 
as was described previously.[25]  

 

Figure 6: O···H interactions in 6. 

Single crystals of 6 were obtained from a suspension of 
(MeZn)(μ-η2:η2-PhN6Ph)(Li)) in thf, which was carefully 
over layered with a solution of Me2AlCl in thf, upon stand-
ing (without stirring) at ambient temperature for 12 hours. 
6 crystallizes in the triclinic space group P-1 with one 
molecule in the unit cell (figure 5). The central N3−N3A 
bond (1.414(2) Å) is significantly elongated compared to 
the almost identical N1-N2 (1.303(2) Å) and N2-N3 bonds 
(1.308(19) Å). The N1-N2-N3 bond angle of 115.25(13)° 
and the N-N bond lengths within the hexazenediide unit 
are comparable to those previously observed in metal 
hexazene complexes.[13,20-25]  

The molecules form strings in the crystal packing which 
are stabilized by non-classical hydrogen bonds (C3–
H3···O1’: H···A 2.64 Å DHA 162.4°) as shown in figure 6. In 
addition, these strings are further connected by CH···π 
interactions (table 3).[28] 

Calculations and IR discussion 

Quantum chemical calculations of the gas phase structures 
and vibrational spectra of several Zn-hexazene complexes 
were previously performed[24,25] using density functional 
theory with the BP86 functional[29] and a third generation 
dispersion correction (DFT+D3).[30,31] Herein we use the 
same method in conjunction with a triple-zeta basis set[32] 
for the determination of the molecular structures and IR 
spectra of isolated molecules 4’ and 6’, respectively.[31,33] 
Geometry optimization lead to Ci symmetrical structures 
for 4' (Zn-N1 2.070, Zn-N3 2.052, N1-N2 1.312, N2-N3 
1.302, N3-N3’ 1.401 Å, N1-N2-N3 117.16°) and 6' (Al-N1 
2.082, Al-N3 1.996, N1-N2 1.303, N2-N3 1.304, N3-N3’ 
1.399 Å, N1-N2-N3 115.65°). The N-N bond lengths typical-
ly agree within 0.005 Å with the crystallographic data and 
the N1-N2-N3 bond angles within 0.4°. The bond lengths 
between N1 and N3 and the metal atoms agree somewhat 
less well, but still within about 0.03 Å. According to NPA 
calculations, an Al atom in 6’ is more positively charged 
(1.72 e) than a Zn atom in 4’ (1.46 e), most likely resulting 
from the coordinative bond to a more electronegative atom 
(O instead of N) and the presence of an additional polar 
metal-carbon bond. On the other hand, the N6 unit in Al-
hexazene with -1.44 e is less charged than in Zn-hexazene 
(-1.79 e). Of these total charges on the hexazenediide unit -
0.39 e are found on N1 and -0.31 e on N3 in 6’, while the 
corresponding values are -0.50 e and -0.36 e for 4’.  

An important IR spectroscopic signature for the presence 
of a hexazenediide unit is the antisymmetric linear combi-
nation of the N1-N2-N3 / N1’-N2’-N3’ bending vibrations, 
simply denoted as N1-N2-N3 in table 4. It is relatively 

intense and in general lies in a fairly empty region of the 
spectrum, i.e. at 942 and 954 cm-1 for 4 and 6, respectively. 
Our calculated line positions for the gas phase structures 4’ 
and 6’ agree within 3 cm-1 (cf. table 4). In the Zn-hexazene 
4’ the antisymmetric linear combination of the N1-N2 / 
N1’-N2’ stretch vibration at 1200 cm-1 can clearly be dis-
tinguished from the antisymmetric linear combination of 
the N1-CPh / N1’-CPh’ stretch vibration at 1266 cm-1, which 
deviate by up to 13 cm-1 (cf. table 4) from the experimental 
line positions. The remaining antisymmetric linear combi-
nation of the hexazenediide unit stretch vibrations (N2-N3 
/ N2’-N3’) couples strongly with in plane phenyl ring de-
formations. This coupling leads to a splitting into three 
lines at 1299, 1328 and 1353 cm-1 in 4’, which agree quite 
well with the bands observed in the experimental spec-
trum of 4 (1303, 1324, 1346 cm-1). While the occurrence of 
hexazenediide / phenyl couplings was previously men-
tioned,[25] the details were not yet discussed and therefore 
corresponding data for some of the compounds discussed 
in Ref. [24,25] appended to table 4. The theoretical IR 
spectra of the symmetrical Zn-hexazene compounds unex-
ceptional show the triplet of lines at about 1300 / 1330 / 
1350 cm-1, which are characteristic for coupled N2-N3-
stretch and phenyl-ring deformations. The degree of mix-
ing of these coupled bands depends on the specific case 
(though the N2-N3-stretch seems to dominate the band at 
about 1350 cm-1 in most cases). This band triplet was also 
detected in a reexamination of the previous experimental 
IR-spectra (cf. table 4). Note that for 5 the band at 1355 
cm-1 is only a shoulder of an intense line. While in Ref. [24] 
we assigned the higher frequency component (953 cm-1) of 
the experimentally observed band doublet to the N1-N2-
N3 bend vibration we now assign this to the lower fre-
quency component (947 cm-1). Note that for 5 this vibra-
tion (949 cm-1) is seen as a shoulder of another intense line 
only. 

The phenyl-ring deformations of the Al-hexazene com-
pound 6’ couple with both N1-N2 (N1’-N2’) and N2-N3 
(N2’-N3’) stretch vibrations, leading to a somewhat differ-
ent assignment of the bands (cf. table 4). Furthermore, the 
N1-N2 (N1’-N2’) and N1-CPh (N1’-CPh’) stretch vibrations 
couple more strongly than in the Zn-hexazene compounds. 
The agreement between the calculated gas phase spectrum 
of 6’ and the experimental solid state spectrum of 6 is very 
satisfactory. Please note that in the original paper, we 
assigned the N1-N2-N3 bend vibration of [MeZn]N6Ph2[Li] 
at 921 cm-1,[25] but 963 cm-1 (small shoulder) seems to be 
more realistic according to our current studies. 

Conclusion 

We demonstrated the promising potential of [(MeZn)2(μ–
η2:η2-PhN6Ph)] 2 to serve as building block for the synthe-
sis of new zinc hexazene complexes via ligand substitution 
reactions with H-acidic ligands. In addition, the promising 
potential of 2 for the synthesis of new metal hexazene 
complexes was proven in its reaction of with Me2AlCl, 
yielding the first aluminum hexazene complex 6. Moreo-
ver, this reaction further proved the existence of the postu-
lated hexazene complex (MeZn)(μ-η2:η2-PhN6Ph)(Li), 
which may further serve as hexazenediide transfer reagent 
in salt elimination reactions with metal chlorides. This 
reaction pathway, which does not require low-valent one-
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electron reductants such as Fe(I), Mg(I) and Zn(I) com-
plexes as starting reagents, may offer a general access to 
metal hexazene complexes. Quantum chemical calculations 
revealed the structures of 4 and 6 and provided valuable 
information on the most characteristic IR absorption 
bands of the dianionic hexazenediide unit, which will help 
in the future to identify the formation of these interesting 
complexes. 

EXPERIMENTAL SECTION 
Manipulations were performed in a glove box under an Ar-
atmosphere or with standard Schlenk techniques. Dry solvents 
were obtained from a solvent purification system (MBraun) and 
degassed prior to use. MeLDipp2Zn2,[26] PhN3,[34] and 
(MeZn)2Ph2N6[25] were prepared according to literature methods. 
A Bruker Avance 300 spectrometer was used for NMR spectros-
copy. 1H and 13C{1H} NMR spectra were referenced to internal 
C6D5H (1H:  = 7.154; 13C:  = 128.0). IR spectra were recorded on 
an Alpha-T FT-IR spectrometer with a single reflection ATR sam-
pling module. Melting points were measured in sealed capillaries 
and were not corrected. Elemental analyses were performed at 
the Elementaranalyse Labor of the University of Duisburg-Essen. 
The sensitivity of all metal hexazene complexes toward heat and 
shock was investigated, but we never observed any sign of (explo-
sive) decomposition! Heating the complexes at temperatures 
higher than their melting points typically resulted in controlled 
decomposition with elimination of N2. However, safety precau-
tions should be taken when working with this type of complex.  
(MeLDippZn)2(μ-η2:η2-PhN6Ph) 3. MeLDipp2Zn2 (96 mg, 100 μmol) 
was dissolved in fluorobenzene and PhN3 (30 mg, 200 μmol) was 
added. The resulting red solution was stirred over night at room 
temperature. A orange solid was isolated by filtration, which was 
dried in vacuum. The solid was dissolved in fluorobenzene. 3 was 
isolated by crystallization at 4 °C as orange crystals. The crystals 
were suitable for a single crystal X-ray diffraction study. 
Yield: 98 mg (82 %). m.p.: 307 °C. – C70H92N10Zn2 (1204.34): calcd. 
C 69.31, H 7.70, N 11.63; found C 69.21, H 7.72, N 11.65. – IR: ν = 
3059, 2962, 2926, 2866, 1593, 1551, 1518, 1461, 1439, 1400, 
1345, 1320, 1302, 1257, 1210, 1088, 1015, 946, 860, 794, 756, 
724, 691, 631, 527, 464, 397 cm-1. – 1H-NMR: (300 MHz, C6D6, 25 
°C): δ = 0.12 (d, 12 H, CH(CH3)2), 0.89 (d, 12 H, CH(CH3)2), 1.29 (d, 
12 H, CH(CH3)2), 1.49 (d, 12 H, CH(CH3)2), 1.62 (s, 12 H, CHCH3), 
2.95 (m, 4 H, CH(CH3)2), 3.39 (m, 4 H, CH(CH3)2), 4.92 (s, 2 H, CH), 
6.67 (dd, 4 H, Ph-m-H), 6.95 (t, 2 H, Ph-p-H), 7.04 (m, 12 H, Ar-H), 
7.32 (m, 4 H, Ph-o-H). – 13C-NMR: (151 MHz, C6D6, 25 °C): δ = 24.4 
(C(CH3)2), 26.1 (CCH3), 27.6 (C(CH3)2), 28.9 (CH), 94.2 (γ-C), 123.8 
(p-Ph), 124.56 (p-Ar), 126.1 (m-Ph), 129.2 (m-Ar), 142.4 (o-Ph), 
143.5 (o-Ar), 144.1 (i-Ar), 147.9 (i-Ph), 169.5 (β-C). 
(MeZn)2(μ-η2:η2-PhN6Ph)(Py)2 4. 2 (16 mg, 40 μmol) was sus-
pended in 2 mL C6D6 and C5H5N (6.4 μL, 80 μL) was added. The 
reaction mixture was stirred for 1 h. The orange solution was 
stored over night at room temperature, yielding an orange solid. 
The solution was separated from the solid by filtration. 4 was 
isolated by crystallization at 4 °C as orange crystals. The crystals 
were suitable for a single crystal X-ray diffraction study. 
Yield: 19 mg (87 %). M.P.: 206 °C (dec.). – C24H26N8Zn2 (557.29): 
calcd. C 51.73, H 4.70, N 20.11; found C 51.77, H 4.72, N 20.14. – 
IR: ν = 3065, 3038, 3022, 2961, 2934, 2900, 2831, 1599, 1552, 
1520, 1483, 1454, 1396, 1345, 1324, 1302, 1255, 1210, 1186, 
1149, 1096, 1063, 1037, 1010, 941, 897, 861, 798, 760, 752, 719, 
691, 654, 625, 529, 498, 452, 431, 413, 403 cm-1. – 1H-NMR: (300 
MHz, C6D6, 25 °C): δ = - 0.22 (ZnCH3), 6.63 (m, 2 H, Ph-p-H), 6.85 
(m, 4 H, Ph-m-H), 7.11 (m, 4 H, Ph-o-H), 7.17 (m, 2 H, py-p-H), 7.87 
(m, 4 H, py-m-H), 8.14 (m, 4 H, py-o-H). – 13C-NMR: (75 MHz, C6D6, 
25 °C): δ = - 16.1 (CH3), 119.3 (Ph), 124.1 (py), 124.9 (Ph), 129.9 
(Ph), 137.9 (p-py), 148.6 (i-Ph), 150.3 (o-py). 
(MeLPhZn)2(μ-η2:η2-PhN6Ph) 5. 2 (8 mg, 20 μmol) and MeLPhH (10 
mg, 40 μmol) were dissolved in toluene and stirred for 5 h at 

room temperature. The orange solution was stored over night at 4 
°C. An orange solid was isolated by filtration, which was dried in 
vacuum. The solid was dissolved in fluorobenzene. 5 was isolated 
by crystallization at 18 °C as orange crystals. The crystals were 
suitable for a single crystal X-ray diffraction study.  
Yield: 14 mg (83 %). m.p.: 237 °C. – C46H44N10Zn2 (867.69): calcd. 
C 63.68, H 5.11, N 16.14; found C 63.68, H 5.16, N 16.18. – IR: 
ν = 3056, 3022, 2962, 2923, 1628, 1595, 1551, 1527, 1484, 1451, 
1397, 1355, 1325, 1258, 1199, 1186, 1167, 1070, 1007, 957, 899, 
864, 785, 751, 724, 697, 662, 636, 615, 598, 561, 519, 497, 452, 
391 cm-1. – 1H-NMR: 1.77 (s, 12 H, C(CH3)), 4.78 (s, 2 H, CH), 6.78 
– 7.60 (m, 30 H, Ph-H). – 13C-NMR: (75 MHz, C6D6, 25 °C): δ = 23.6 
(CCH3), 96.4 (γ-C), 124.5 (p-Ph), 124.8 (p-Ph), 128.0 (m-Ph), 128.3 
(m-Ph), 129.4 (o-Ph), 129.7 (o-Ph), 149.6 (i-Ph), 149.8 (i-Ph), 
167.7 (CCH3). 
(Me2Al)2(μ-η2:η2-PhN6Ph)(thf)2 6. 2 (12 mg, 30 μmol) was 
dissolved in THF and Me2AlCl (5.5 μL, 60 μmol) was added. The 
solution was stirred for 1 h at room temperature. 6 was isolated 
by crystallization at 18 °C as orange crystals. The crystals were 
suitable for a single crystal X-ray diffraction study. 
Yield: 13 mg (89 %). m.p.: 204 °C (dec.). – C24H38Al2N6O2 (496.57): 
calcd. C 58.05, H 7.71, N 16.92, O 6.44; found C 58.01, H 7.63, N 
16.89, O 6.43. – IR: ν = 2980, 2933, 2902, 2834, 1593, 1488, 1456, 
1340, 1325, 1306, 1278, 1232, 1195, 1098, 1077, 1040, 1019, 
953, 918, 903, 859, 791, 759, 736, 690, 665, 631, 552, 524, 489, 
475, 449, 419 cm-1. 
Single crystal X-ray diffraction. Crystallographic data of 3 - 6, 
which were collected on a Bruker D8 Kappa APEX2 diffractometer 
(MoK radiation,  = 0.71073 Å) at 100(1) K , are summarized in 
Table S1 (SI). The structures were solved by Direct Methods 
(SHELXS-97)[35] and refined anisotropically by full-matrix least-
squares on F2 (SHELXL-2014)[36,37] Absorption corrections were 
performed semi-empirically from equivalent reflections on basis 
of multi-scans (Bruker AXS APEX2, TWINABS). Hydrogen atoms 
were refined using a riding model or rigid methyl groups. 3 con-
tains a fluorobenzene molecule whose F atom is disordered over 
four sites.  4 was non-merohedrally twinned and refined against 
HKLF4 data. 5 was non-merohedrally twinned and refined against 
HKLF5 data. 
The crystallographic data of 3 - 6 (excluding structure factors) 
have been deposited with the Cambridge Crystallographic Data 
Centre as supplementary publication nos. CCDC-1443045 (3), 
CCDC-1443042 (4), CCDC-1443043 (5) and CCDC-1443044 (6). 
Copies of the data can be obtained free of charge on application to 
CCDC, 12 Union Road, Cambridge, CB21EZ (fax: (+44)
1223/336033; e-mail: deposit@ccdc.cam-ak.uk). 
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[(MeZn)2(μ-η2:η2-PhN6Ph)] (2), which was synthesized by reaction of [(MeLDipp Zn)2(μ-η2:η2-PhN6Ph)] (3) with ZnMe2, 
reacts with H-acidic ligands LH with ligand exchange (L = MeLPh 5) and with pyridine with formation of the Lewis acid-
base base adduct [(MeZn)2(μ-η2:η2-PhN6Ph)(Py)2] (4). In addition, transmetallation reaction of 2 with MeLi yielded 
the heterobimetallic hexazene complex [(MeZn)(μ-η2:η2-PhN6Ph)(Li)], which further reacts with one equivalent of 
Me2AlCl to [MeZn(μ-η2:η2-PhN6Ph)AlMe2] and with two equivalents to the homobimetallic aluminum hexazene com-
plex [(Me2Al)2(μ-η2:η2-PhN6Ph)(thf)2] (6). 3 - 6 were characterized by single crystal X-ray diffraction, while quantum 
chemical calculations of 4’ and 6’ gave insights into the electronic structure and allowed identification of the absorp-
tion bands of the hexazene unit. 
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