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Main group organometallic compounds containing ligands with donor functions in α-and β-

positions relative to the metal show varieties of structural motifs. The group 13 metal 

hydrazide clusters have already been discussed and show the different structural motifs. 

Later, the hydrazide chemistry of zinc is also studied and show mostly tetranuclear 

aggregation motifs in the cluster. The chemistry of hydroxylamide is almost parallel to that 

of hydrazide one. Hausen and co-workers first synthesised the tetranuclear aluminium 

hydroxylamide cluster [Me2AlONMe2]3 with Al3O3 core by the reaction of trimethylaluminium 

with Me2N-OH. Mitzel group extended the hydroxylamide chemistry of group 13 and 14 

metal extensively and report a large number of different structural motifs for those classes 

of compounds. Later, this group published group 12 organometallic (Zn & Cd) 

hydroxylamide cluster. Pentanuclear aggregation is most common type of binding motifs of 

such compounds. The aggregation modes are strongly influenced by the binding partner 

through different donor-acceptor interactions and the steric effects of the substituents on 

the backbones. Till date, very less number of organozinc hydroxylamides and its 

derivatives are reported. Here, this report will give the up-to-date discovery in this field. 
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1. Introduction  

Realising different stoichiometries of metal:non-metal atoms is a crucial requirement for the rational design of new 

molecular precursor compounds for many areas of material synthesis. The so far unknown zinc oxynitrides or nitrogen containing 

zinc oxide are promising but so far hardly accessible semiconductor materials.[1] Thus, a chemical synthesis route via thermolysis of 

molecular precursors compounds with suitable Zn:N:O stoichiometries would be highly desirable, but so far lack the accessibil ity of 

molecular precursor compounds. Compared to organometallics of the trivalent group 13 elements, zinc requires further contact to a 

donor atom to reach coordination number (CN) four because of its divalent nature. In metal alkoxide/aryloxide chemistry, [2] an 

increase in aggregate dimensionality is already well established [compare the Al2O2 ring {(Me2Al)[O(2,6-iPr2-C6H3)]}2 [3] with the 

“double cube” [(MeZn)3(OMe)4]2Zn]2 (CN = 4, 6)].[4] The highly diverse chemistry of the O–N double-donor array (hydroxylamines or 

oximes) provides a plethora of aggregation motifs, for example in group 13 complexes,[5] and ought to be transferable to zinc for the 

exploration of similar extensions {compare the six-membered ring dimer [(Me2Al)(ON=CMe2)]2 [5a,5b] with the tetrahedroid oximate 

[(MeZn)(ON=CMe2)]4 (CN = 4)[6]. The high coordination flexibility of the hydroxylamide ligands that is demonstrated in Al and Ga 

organometallics (e.g. in the readily fluctuating tetracyclic Al3 cluster [{(Me2Al)[ON(Me)]2CH2}2(AlMe)][5d] can be expected by 

hypothesis to allow for the construction of highly dynamic Zn-based multinuclear cluster compounds. Zinc, on its own accord, has a 

very rich alkoxide chemistry. However, hydroxylamide derivatives of divalent metals are rather poorly understood till 2006 and 

encompass merely inorganic coordination compounds of zinc {e.g. [(H2NOH)2ZnCl2], Crismer’s salt.[7] 

A closer view on hydroxylamides reveals that the picture here is very sophisticated since, on top of the different aggregate 

types in the solid state,[5e,5f] dynamic coordination processes between these types may come into play in solution. A likely reason 

for this flexible binding is that the O–N unit has an inferior bridging capability compared to hydrazines (N–N unit) due to Lewis 

basicity measures. Organo-earth metal hydrazides 12 generally do not exhibit related coordination dynamics. They feature 

structures based on four-membered Al2N2 rings that may be further cross-linked by the N–N moieties, like the ladder-type 

tetranuclear compound Al4(HN–NMe2)8(N–NMe2)2.[8] In solution, two types resemble the resting states of a readily fluctuating 

molecule, based on the unique ability of the O–N unit for flexible coordination.  

 Hausen and co-workers first synthesised the tetranuclear aluminium hydroxylamide cluster [Me2AlONMe2]3 with Al3O3 core by 

the reaction of trimethylaluminium with Me2N-OH.[5f] C. Lustig and M. Woski from Mitzel group found a large number of different 

structural motifs for these classes of compounds.[5e] Representative examples of the hydroxylamide chemistry of group 13 metals 

include simple dimers like [tBu2AlONMe2]2 with four-membered Al2O2 core, [Me2GaONMe2]2 with Ga2O2N2 core,[5e]  [Me2AlONMe2]3 

with six-membered Al3O3 core[5f] and [tBu2GaONMe2]2 with five-membered Ga2O2N core.[5e]  

Besides group 13 metal hydroxylamide complexes, hydroxylamides of other main group and transition metals have been 

established. Representative examples include the silicon hydroxylamides H3SiONMe2, H2Si(ONMe2)2,[9] F3SiONMe2,[10] 

F3CF2SiONMe2,[11] the tin hydroxylamides [Me3SnONMe2],[12] [Me3SnONEt2],[13] [Me2Sn(ONEt2)2],[14] the titanium hydroxlamide 

[Cp*Me2TiONMetBu][15] and the eight-coordinate [Ti(ONEt2)4],[16] [Ti(ONMe2)4], [Zr(ONMe2)4].[17]  

 The hydrazide chemistry of Group 12 metals shows mainly two types of aggregation motifs as A and B shown in Scheme 1.  

http://www.rrjournals.com/
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Scheme 1 

 

 The large variety of hydroxylaminato compounds of the metal ions of group 1, 2, 4, 12, 13 and the lanthanides shows the high 

flexibility of [R2NO-] ligands in coordination chemistry. These  

 

Scheme 2: Structural binding motifs of hydroxylaminato ligands coordinating various metal atoms. 

 

ligands can complex metal atoms e.g. by end-on (I), side-on (II), m-O-end-on (III) or m-O-side-on (IV) coordination modes to 

exemplify only four of the explored binding motifs displayed in scheme 2. Such binding modes comprises the cluster with three-, 

four-, five -, or six-membered cyclic compounds.  

In this report, the chemistry of organozinc hydroxylamide cluster and its derivatives will be highlighted. 

 

Pure Organozinc hydroxylamide 

The reaction of N,N-dialkylhydroxylamines, Me2NOH with binary zinc alkyls, R2Zn (where R = Me, iPr) affords 

pentanuclear organozinc cluster compounds: [Zn(RZn)4(ONMe2)6] (R = Me, 1; R= iPr, 2) (Scheme 3) and while react with Et2NOH 

and Et2Zn produce [Zn(EtZn)4(ONEt2)6] (3) (Scheme 4).[18] With the focus on compounds (R= Me and iPr), it is elegantly revealed 

that the highly flexible coordinating O–N ligands allow Zn atoms to adopt a CN > 4. This stands in contrast to the isoelectronically 

related organozinc hydrazides (N–N double-donor), where zinc is exclusively tetracoordinate. Different aggregation motifs of 1 and 

2 are shown in scheme 3. 
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Scheme 3: Synthesis of organozinc hydroxylamide, 1 and 2 and their aggregation motifs  
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Scheme 4: Synthesis of compound 3 and its structure. 

 

Though the formulae of both 1 and 2 clusters (apart from the alkyl groups on Zn) are identical, their three-dimensional 

coordination frameworks differ markedly. The all-methyl cluster [Zn(MeZn)4(ONMe2)6], 1 adopts a fenestrane-like motif, as 

determined by X-ray diffraction analysis (Figure 1). Four O–N moieties coordinate around the central “inorganic” Zn2+ ion by their 

oxygen atoms and are themselves interconnected by RZn+ units via O–Zn–N linkages. The resulting dicationic heterofenestrane 

{[Zn(ONMe2)4(ZnMe)4]2+} is then charge-compensated by two anionic µ2-O-bridging Me2NO– ligands. The aggregation motif of all 

methyl substituent (all Zn atoms: CN = 4) is unprecedented in both hydroxylamine and organometallic chemistry. With a subtle size 

change of the alkyl group at zinc (from Me to iPr), the core structure of the aggregate completely shifts as revealed by the crystal 

structure of ether solvate [Zn(iPrZn)4(ONMe2)6]·OEt2 (Figure 2). In this cluster, the ether molecule fills a void but does not contact 

any of the Zn atoms. The hydroxylamide cluster [Zn(ONMe2)6(ZniPr)4], 2 adopts an octahedral-based structure with all six O–N 

ligands O-bound to the central Zn2+ (CN = 6). Charge compensation of this [Zn(ONMe2)6]4– fragment is achieved by four iPrZn+ 

groups, which bind to the six O–N units either in an N,O,O-or in an N,N,O mode. Because all the O and N atoms are now 

coordinated to Zn, this contrasts the situation in 1 which has two dangling NMe2 groups – one key feature of the observed 

coordination “isomerism”. Consequently, cluster 2 is one of the limited examples of Zn species that exhibit mixed CNs (CNs of the 

central Zn= 6 and others Zn= 4), whether in organometallic or in inorganic chemistry. Similar aggregation motif like compound 2 is 

also observed in the case of cadmium hydroxylamide compound, [Cd(MeCd)4(ONEt2)6] (CN = 4, 6). In this case, the fluxional 

behaviour of hydroxylamine ligands is also observed like compound 2.[19] 

 
Figure 1: Molecular structure of [Zn(MeZn)4(ONMe2)6], 1 
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Figure 2: Molecular structure of [Zn(iPrZn)4(ONMe2)6], 2 

 

Fortunately, [Zn(EtZn)4(ONEt2)6], 3 is much more soluble and represents an exquisite variable temperature NMR (VT-

NMR) substitute for all-methyl cluster because it adopts the same core motif. Furthermore, the fact that 1 and 3 exhibit the same 

coordination framework underlines that the structural differences between 1 and 2 clusters cannot be accounted for merely by 

means of the steric congestion of the “organic sphere” about the Zn5N6O6 heteroatom core. The number of carbon atoms in that 

sphere doubles from 16 (all methyl) to 32 (all ethyl) without any effect on the aggregation motif. Exchange of the MeZn+ groups by 

iPrZn+ groups increases that number only by 8 (from 16 to 24). In fact, if bulkiness of the group had an influence on the CN of the 

central “inorganic” Zn2+ nucleus, the opposite trend in the CN would be expected. Obviously, the R2NO– units in both these 

compounds exchange between the five Zn nuclei in a highly fluxional manner.  

The two aggregation motifs A and B (Scheme 5) represent coordination isomers of a Zn5O6N6 framework. The only 

variance in terms of molecular formulation are the alkyl residues at Zn and N. Within this sub-group of zinc hydroxylamides, the 

preference towards one of the two scaffolds A or B in the solid state is governed chiefly by the size of the alkyl substituents of the 

O–N ligand employed. The constitution of the motifs A and B differ markedly. The connectivity of the inner section of motif A is 

reminiscent of the exotic hydrocarbon [5.5.5.5]fenestrane, (tetracyclo[5.5.1.04.13.010.13]tridecane).[20] Four O–N units contact the 

central, “inorganic” Zn2+ ion via their oxygen atoms and are themselves interconnected by RZn+ units via O–Zn–N linkages. Two 

further, k2 O-bridging O–N ligands then charge-compensate the [Zn(RZn)4(O–NR’2)4]2+ heterofenestrane core. With its five Zn 

atoms all having CN = 4, motif A is novel to both hydroxylamine and organometallic chemistry. The key structural difference of the 

aggregation motif B is that here, all six O–N ligands are O-bound to the central Zn2+, which therefore exhibits CN = 6. This [Zn(O–

NR’2)6]4- core is charge compensated by four RZn+ groups attached to the six O–N units by either an O,O,N or an O,N,N donor set 

to furnish an overall octahedroid array.  

The main difference between the aggregation motifs A and B is thus that in the latter, no amino units remain dangling. 

Motif B constitutes an aggregation type of oligozinc compounds with mixed CNs. Structurally related alkylzinc carboxylates have 

been described recently.[21] With the coordination isomerisation [A ↔ B] of [Zn(RZn)4(O–NR’2)6] species in solution and some 

preferences towards either of these motifs in the solid state established. Reaction of different dialkylzinc with hydroxylamine with 

5:6 ratio in n-hexane/THF and crystallizes in n-hexane/Et2O yielded [Zn(RZn)4(O–NR’2)6] (R = Et, R’ = Me, 4; R= tBu, R’ = Me, 5; R 

= Me, R’ = Et, 6; R= iPr, R’= Et, 7).  In another reaction condition, when dialkylzinc and hydroxylamine react in 1:1 ratio either 

cubane type tetranuclear aggregation motif (C) or tetra-nuclear zinc hydrazide type C1 symmetric hydroxylamide cluster (D) also 

possible. In type C, all the -NR’2 groups are dangling from the Zn4O4 core but in type D, there are no dangling NR’2 groups present 

i.e. all the NR’2 moieties are connected to a metal centre. When dialkylzinc and hydroxylamine react with 1:1 ratio crystallizes in n-

hexane yielded [(RZn)4(O–NR’2)4] (R = Me, R’= iPr, 8; R= Et, R’= iPr, 9; R=iPr, R’= iPr, 10; R=Me, R’=Et, 11) (Scheme 5).[22] 
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Scheme 5 

 

Indeed, the crystal structure of [Zn(iPrZn)4(O–NEt2)6] (7) reveals a very close structural analogy to the EtZn analogue, 3. 

All bond lengths and angles compare with narrow deviations, as do the relative orientations of the peripheral organyl residues. 

Compound 11 synthesized slightly different that the rest of the analogue compounds (8-10). Extra iPr2NH was used during 

refluxing dimethylzinc and hydroxylamine (Scheme 6).[22] 

4 Me2Zn  +   4 Et2NOH

+ iPr2NH

n-hexane

Reflux
[(MeZn)4(ONEt2)4]

11
- 4 MeH

 
Scheme 6 

 

The heteroatom core of 11 comprises two six-membered Zn2N2O2 and four five-membered Zn2NO2 rings. The Zn atoms 

reside on the vertices of a topological tetrahedron, with the four triangular faces each capped by a hydroxylamide ligand (Figure 3). 

The ligands form two bonds to Zn atoms from the O atoms and a dative one from the NEt2 groups. The resulting connectivity of the 

heteroatom core thus is as follows. Three Zn atoms and three O–N ligands form a nine-membered Zn3O3N3 ring. The three O 

atoms of this are capped by the fourth organozinc unit, and the three metal centres are capped in a k2O;k1N fashion by the fourth 

O–NEt2 ligand. The overall molecule thus has pseudo-threefold symmetry, with the axis running through the two capping units. 

Nevertheless, the overall bond distribution is obviously uneven, as the zinc atoms possess different donor sets. The parameters of 

the dative Zn–N bonds compare very well to those in the related tetranuclear hydrazides.[23]  

 
Figure 3: Molecular structure of [(MeZn)4(O–NEt2)4], 11 

 

As the former products (1-3) were always obtained from reactions under mild conditions, yet the representative of the 

latter compound class, (MeZn)4(O–NEt2)4 (11), had been isolated from a reaction under reflux in the presence of excess HNiPr2 
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and Me2Zn, two pathways of such conversion appeared likely. A pentanuclear, primary species could thus rearrange further to its 

tetranuclear, secondary counterpart via (I) an isodesmic transformation, or (II) a disproportionation (Scheme 7). The isodesmic 

reaction route I would call for the formal incorporation of one further equivalent of R2Zn and subsequent scrambling, i.e. one zinc-

to-zinc transfer of an R group and redistribution of the O–N ligands to give 1.5 entities of tetranuclear product in the end. The 

disproportionation route II would call for the formal “removal” of Zn(O–NR’2)2, which could be envisioned to be driven by hydrogen 

bonding-assisted complexation of such a species by one equivalent of secondary amine HNR”2 per hydroxylamide ligand, giving a 

side-product of the general composition Zn(O–NR’2)2(HNR”2)2. The relative energetics of routes I and II were assessed with the all-

methyl representatives of the compounds (with the exception of HNiPr2) to minimize rotamer issues.  

 
Scheme 7 

 

Organozinc mixed hydroxylamide-hydroxide/alkoxide Clusters 

During crystallisation of [Zn(iPrZn)4(O–NEt2)6] (7) at -78 ◦C had led to the growth of a thin ring of single-crystalline material 

at the glass wall of the vessel right at the surface of the mother liquor by contamination of small atmospheric moisture leads to 

formation of tetrazinc mono-hydroxide [(iPrZn)4(OH)(O–NEt2)3] (12). [22] 

Similarly, to the tetranuclear hydroxylamide, 11 and the known reported mono-functionalised hydrazides, the molecular 

scaffold of 12 encompasses a heteroatom setup along a three-fold axis of symmetry (Figure 4). The analogy to the hydrazides is 

close across all structural parameters, disregarding those affected by the formal NH-/O-substitution. As with 11, three RZn acceptor 

units and the three O–N ligands form a nine-membered Zn3O3N3 ring, yet as the ligand capping those three iPrZn entities is a k3O-

hydroxide, the heteroatom core of 12 now is truly C3-symmetric. The fourth iPrZn unit, which connects the O atoms of the Zn3O3N3 

ring, is obviously not C3-symmetric by itself. 

 
Figure 4: Molecular structure of [(iPrZn)4(OH)(O–NEt2)3], (12) and Zn4O4N4 core 

 

 In a similar reaction procedure as employed for the preparation of 12, dimethylzinc was also allowed to react with N,N-

diethylhydroxylamine and N,N-diisopropylamine in a 3:2:1 molar ratio with the intention to obtain the compound 

[Zn(MeZn)4(ONEt2)4(NiPr2)2 but resulted the formation of  compound 13 as [(MeZn)4(OMe)(ONEt2)3] (Scheme 8).[22] 

4 Me2Zn  +  3 Et2NOH

+ iPr2NH

n-hexane

Reflux
[(MeZn)4(OMe)(ONEt2)3]

13

+ O2

-3 MeH
 

Scheme 8 
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  In 13, all the nitrogen, oxygen and zinc atoms have the coordination number four (Figure 5). The Zn atoms adopt 

topological tetrahedral arrangements, with one of the four triangular faces µ3-capped by one OCH3 group. In contrast to the 

completely unsymmetrical tetrameric hydrazides, the structure has C3 symmetry. The six rings of the cluster are all five-membered. 

All the rings contain Zn2NO2 rings of ZnOZnNO connectivity.  

 
Figure 5: Molecular structure of [(MeZn)4(OMe)(O–NEt2)3], (13) and Zn4N4O3 core 

 

 

Organozinc mixed hydroxylamide-hydrazide Clusters 

 As outlined in Scheme 9, dimethylzinc reacts cleanly with N,N-dimethylhydrazine and N,N-diethylhydroxylamine in a 2:1:1 ratio in 

n-hexane at ambient temperature to afford the pentazinc cluster 14.[24]  
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Scheme 9: Syntheses of organozinc hydrazide-hydroxylamide clusters[24] 

 

 Analogous to the synthesis of 14, compound 15 was prepared by reacting Et2Zn with 1–aminopiperidine and Et2NOH in a 2:1:1 

ratio in a one-pot-synthesis protocol (Scheme 9).  

 In order to obtain higher hydrazide:hydroxylamide ratios, zinc alkyls, hydrazine and hydroxylamine were employed in different 

ratios from 2:1:1 to 2:2:1 to 2:3:1 under the same reaction conditions. However, in all these cases the resulting products have the 

same composition and constitution as 14 and 15, but lower yields were obtained. 

 Compound 14 (Figure 6) consists of a chalice-shaped aggregate comprising six fused rings. Figure 7 shows the molecular core of 

compound 14 and the C2 axis passing through the atom Zn(1A) and bisecting the angle O(21A)-Zn(1A)-O(41A). The central Zn atom, 

Zn(1A), is connected to the anionic ends of two hydroxylamide and two hydrazide units. The “anionic” O and N binding sites of this 

formally dianionic [Zn(ONEt2)2(NHNMe2)2]2- unit bind further four organometallic ZnMe units, while the neutral N atoms of these ONEt2 

and NHNMe2 substituents form rings by binding to these ZnMe moieties. As all peripheral zinc atoms of this formal [Zn(ONEt2)2-

(NHNMe2)2(ZnMe)4]2+ unit are only three-coordinate, their fourth coordination site is saturated by two further hydroxylamide units, each 

µ2-O-bridging two peripheral Zn atoms. This leaves one NEt2 group non-coordinated.  
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 All six rings are five-membered, but have different constitution: two ZnONZnN-rings include the central Zn atom and endocyclic 

NO units, two ZnNNZnO-rings the central Zn atom and endocyclic NN units and the two peripheral ZnNNZnO-rings also include an 

endocyclic NN unit. 

 
Figure 6: Molecular structure of [Zn(MeZn)4(HN-NMe2)2(O-NEt2)4] (14)[24] 

  

 The bulkiness of the substituents at the hydrazine unit and zinc do not alter the constitution and the aggregation motif. 

 

Figure 7: Zn5N8O4 core of compound 14 

 

 An interesting feature of both compounds is that hydroxylamide rather than hydrazide units adopt the peripheral positions of the pentanuclear 

aggregate with one non-coordinate N atom. Obviously - and explainable through the more electron-withdrawing bonding partner oxygen - these hy-

droxylamides are weaker donors at these N atoms than the hydrazide ligands. In order to estimate the relative energies of the two isomeric forms, 

calculations on the relative energies of the isomers of the model compound [Zn(ZnMe)4(HNNMe2)2(ONMe2)4], 14a (Scheme 10) at the DFT(BP)/SV(P) 

level of theory were reported. 

 The core geometry of compound 14 corresponds well to the calculated values of the model 14a [Zn(ZnMe)4(HNNMe2)2(ONMe2)4] with the same 

constitution, i.e. two ONMe2 and two NHNMe2 units are bound to the central Zn atom. If four ONMe2 units are bound to this central Zn atom, three 

possible conformers, 14b-d, for the position of the hydrogen atoms and NMe2 groups, respectively, must be considered. They are all substantially higher 

in energy than the isomeric form 14a. The energy differences between the conformers 14b, 14c and 14d are comparably small. 
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Scheme 10: Structures of the calculated isomers of the model compound [Zn(ZnMe)4(HNNMe2)2(ONMe2)4]  14a and conformers of 14(b – d).[24] 

 

Table 1 Relative energies of the isomers 14a, 14b, 14c and 14d of [Zn(ZnMe)4(HNNMe2)2(ONMe2)4] (Scheme 10) as calculated at the DFT(BP)/SV(P) 

level of theory[24] 

Isomer 14a 14b 14c 14d 

Relative energy [kJ mol-1] 0 36 42 50 

               

 This comparison shows a clear preference of the mixed hydrazide-hydroxylamide aggregates to accept a hydrazide unit rather than a hydroxylamide 

unit for being incorporated into aggregate formation with all its three valences. 

 Reaction of diisopropylzinc with a mixture of N,N-dimethylhydrazine and N,N-diethylhydroxylamine in 3:2.6:1 leads to the formation of the cluster 

16 with the formula [Zn(iPrZn)4(HN-NMe2)2(O-NEt2)4] (Scheme 11).[25]  

5  iPr2Zn 2  H2N-NMe2 4 Et2N-OH [Zn(iPrZn)4(HNNMe2)2(ONEt2)4]
n-hexane

0 °C to RT,

   -6 iPrH
16

 
Scheme 11 

 

 The molecular structure of 16 is like the structure of 14, where two out of four hydroxylamine ligands are connected to the 

central zinc atom, while the other two have non-coordinated NMe2 groups. The two anionic NH units of the hydrazine ligands are 

attached to the central zinc atom.  

 When the reaction was carried out with N,N-diisopropylhydroxylamine instead of N,N-diethylhydroxylamine under the same 

reaction conditions, one can expect the formation of a bishydrazide-tetrahydroxylamide cluster like [Zn(iPrZn)4(NHNMe2)2(ONiPr2)4]. 

However, under these conditions a tetrazinc cluster with the composition of a trihydrazide monooximato compound with the formula 

[(iPrZn)4(NHNMe2)3(ON=CMe2)], 17 (Scheme 12) was obtained.[25] This compound was characterised by NMR spectroscopy, by 

single crystal X-ray diffraction and by mass spectrometry. In the 1H NMR spectrum the methyl groups of the isopropyl units at zinc 

and at the hydroxylamine ligands overlap to result in a multiplet from 1.06 to 1.65 ppm. The EI-mass spectrum shows the highest 

intensity peak m/z = 638, which corresponds to [M+ – iPr – 2H]. It is still unclear why one of the isopropyl groups is cleaved off from 

the hydroxylamine unit and the other is transformed into an oximato group with an N=C bond. The probable reason for the 

aggregation of a tetrazinc cluster rather than a pentazinc cluster for 17 could be due to steric aspects.  

4  iPr2Zn 3 H2N-NMe2
iPr2N-OH [(iPrZn)4(HN-NMe2)3(ON=CMe2)]

n-hexane

0°C to RT,

  - 5 iPrH
17

 
Scheme 12 

 

 The solid-state structure of 17 is similar to that of the hydrazide clusters where the four zinc atoms are approximately situated 

at the vertices of a topological tetrahedron. It contains two adjacent six-membered rings and four five-membered rings. Most 

interestingly, the oximato N-O bond belongs to two six-membered rings. Figure 8 shows the molecular core of the cluster 17 with its 

Zn4N7O unit.   
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Figure 8: Zn4N7O core of 17 

Conclusion 

The presented organozinc hydroxylamides fill an important gap in the organometallic chemistry of O–N ligands. They 

constitute the first full family of hydroxylamine derivatives of a divalent acceptor element. The aggregation of these oligonuclear 

species is mainly dependent on the steric demand of the O–N ligand. Pentanuclear species of the overall formula [Zn(RZn)4(O–

NR’2)6] seem to be kinetically preferred. With R’ = Me, the full series [Zn(RZn)4(O–NMe2)6] can be accessed (R = Me, Et, iPr and 

tBu). With R’ = iPr, the aggregation motif is forced to change to a tetrameric one of the general kind [(RZn)4(O–NiPr2)4], where a 

strongly decreasing incorporation of the N-donor sites in the donor–acceptor array with growing RZn size is indicated by NMR. In a 

related approach, such tetramers can also be furnished with smaller organic residues, by reacting an initially formed pentanuclear 

zinc species [Zn(RZn)4(O–NR’2)6] under thermodynamic conditions in the presence of additional R2Zn, i.e. in an isodesmic 

redistribution reaction. In addition, two examples of secondary derivatives of organozinc hydroxylamides were found to form in the 

presence of moisture or alkoxy functions. Such transformations were found to require carefully controlled conditions. These findings 

on partial oxy-substitution disclosed the potential of using alkylzinc alkoxides, formed in situ by aerobic oxygenation, as well 

suitable precursors for mixed hydroxylamide/alkoxide complexes of zinc. The organozinc compound with mixed 

hydrazide/hydroxylamide complexes are also reported that adopts pentanuclear zinc moiety with a general formula of 

[Zn(RZn)4(HN-NR’2)2(O–NR”2)4]. Tetranuclear zinc complex of trishydrazide mono-oximato of formula, 

[(iPrZn)4(NHNMe2)3(ON=CMe2)] is also reported. The organometallic compounds with double-donor ligands of the hydroxylamine 

and oxime types remain an area of chemistry with a vast diversity of aggregation motifs dynamic behaviour. The potential 

application of such complexes in the direction of precursor material (zinc oxynitride) chemistry has yet to be explored. 
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