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This review covers the heterometallic complexes of zinc, and complements two previous reviews on 

the inorganic and organic complexes, respectively. There are nearly fifty of these heterometallic 

derivatives in which the heterometal atoms include both transition and non-transition metals, both 

hard (class A) and soft (class B). The most common geometry found around zinc is tetrahedral. The 

trinuclear and polynuclear are most common, followed by binuclear and somewhat fewer tetra- and 

hexanuclear examples. The compounds include both organic and coordination complexation around 

the zinc and heterometal atoms. 
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0. ABBREVIATIONS 
acen Ν,Ν'-ethylenebis (acetylacetoneiminate) 

(baa)2en [5,5'-(1,2-ethythanediyldinitrilo)bis(1-phenyl-1,3-hexanedionate)] 
bpy 2,2'-bipyridyl 

Bu butyl 

cdta cyclohexane-1,2-diaminetetraacetate 

CgHg benzene 

C14H35N6 hexaazabicyclo [6,6,6] icosane 
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cp cyclopentadienyl 

crot crotonate 

cth dl-5,7,7,12,14,14-hexamethyl-1,4,8,11-tetraarylcyclotetradecane 

a-dik-tadMe4 2,3-dioxo-5,6,13,14-dibenzo-7l12-dimenthyl-9,10-(4H,5B-dimenthylbenzo)-1,4,8,11-

tetraazacyclotetradeca-7,11 -diene 

dmf dimethylformamide 

edta ethylenediaminetetraacetate 

en ethylenediamine 

Et ethyl 

m monoclinic 

Me methyl 

Me3P trimethylphosphine 

6Mequ 6-methylquinoline 

or orthorhombic 

ph phenyl 

PPh3 triphenylphosphine 

py pyridine 

qu quinoline 

tg tetragonal 

thf tetrahydrofuran 

tr triclinic 

4-vipy 4-vinylpyridine 

1. INTRODUCTION 
Over the last twenty years, studies on the reactivity of various metal 

derivatives with zinc salts have been carried out. Some of these studies have resulted in isolable 

compounds that have been suitable for crystallographic structural studies. We have recently 

completed a classification and review of the structures of zinc coordination compounds [1] and of 

organozinc compounds [2]. This present review covers the structures of organic compounds of zinc 

which contain one or more other metals up to the end of 1992. 

One of the aims of this review is to clarify the factors which govern the 

stereochemical interactions around zinc and other metal(s) in such compounds. Almost fifty 

heterometallic zinc compounds have been surveyed, and the structures have been classified 

according to nuclearity. Within in each subgroup, the derivatives are referenced in order of increasing 

zinc-metal distance. 

2. HETEROBINUCLEAR ZINC COMPOUNDS 
There are ten heterobinuclear zinc derivatives listed in Table 1. There are 
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five distinct types of bridging, with two bridging ligands being the most common [5-10]. In 

[(cp)(CO)3MoZnBr](thf)2] [3] the Zn02Br moiety is combined with the MoC8 moiety directly through 

Zn-Mo bonding, unsupported by covalent bridges. The Zn-Mo bond distance of 271.1(1) pm is the 

shortest found in the heterobinuclear zinc derivatives. 

In yellow [(cp^C^NböJ-hQZniBH^.ViCeHß [4] the bridging hydrogen atom 

brings the zinc and niobium atoms within 282.9(2) pm, with a Zn-H-Nb angle of 107.5°. In another two 

species [6,7], two oxygen ligands are used for bridging, and in others [8,9] two chlorine atoms serve 

as the bridges. There is an example [10] where two sulphur ligands hold tetrahedral ZnS2 l2 and 

pseudo-octahedral FeS4C2 moieties together. 

In this series there are relationships between the Zn-M distance, the Zn-L-M 

and μΙ_-Ζη(Μ)-μΙ- angles. The Zn-M distance elongates as the Zn-L-M angle opens and the pL-Zn-(M)-

pL angle closes, and vice-versa. The values are: 279.3 pm, 118.1 and 61.8° (mean) [5]: 312.0 pm, 

104.4 and 74.4° (mean) [6]; 360 pm, 92.6 and 87.2° (mean) [8]. There is also a correspondence 

between the bridge angles and the covalent radii of the bridging atoms. The Zn-L-M angle closes and 

the pL-Zn(M)-pL opens with increasing radii. The mean values are: 118.1 and 61.8° (H, 37 pm), 102 

and 78° (0 ,73 pm), 90 and 90° (C1, 99 pm). 

The structure of red [ZnCI^NKa-dik-tad-me^}] [11] is shown in Fig.1. As can 

be seen, the zinc atom is tetrahedrally coordinated, by the α-diketo portion of the macrocycle plus the 

two chloride ligands. The nickel is in a square-planar environment in the macrocycle cavity, with a 

Zn..Ni distance of about 514.0(3) pm. 

Fig.1 Structure of {ZnCI2[Ni(a-dik-tad-Me4)]} [11] 
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Finally, in [Co(C14H35N6)ZnC13IC1.2H20, [12] ZnC13C and CoN6 moieties 

are held together through a carbon atom of the heptadentate macrocycle ligand with an extraordinarily 

stable Zn-C bond of 204.9(4) pm. 

In the series of heterobinuclear zinc derivatives the zinc is mostly 

tetrahedrally coordinated and only in three examples is penta-coordinated. There are six different 

heterometal atoms in the zinc derivatives, of which the most common is nickel(ll). The mean Zn-L 

bond distance increases in the order: 176 pm (H, 37 pm) < 208 7 pm (N, 75 pm < 209.2 pm (0 ,73 pm) 

< 224 pm (C1,99 pm) < 242.7 pm (Br, 118 pm) < 255.2 pm (1,133 pm), which corresponds quite well 

with the covalent radius of the coordinated atom. 

3. HETEROTRINUCLEAR ZINC COMPOUNDS 

Structural information for heterotrinuclear zinc compounds are summarized 

in Table 2. There are five examples containing one zinc atom plus two heterometal atoms. In two of 

these [13,14] the molecules have linear M-Zn-M bonds with a mean Li-Zn distance of 245.3 pm [13] 

and Mo-Zn distance of 253.8 pm [14]. In pink-red [15] two Ta=CCMe3 fragments are coordinated 

through bridged carbon atoms to one ZnC12 molecule, where both chlorine atoms also serve as the 

bridges. The mean Zn-Ta distance is 281.5(3) pm. In green [16] two cp2TiC1 fragments are 

coordinated to one ZnC12 moiety. The geometry around the zinc atom is pseudotetrahedral with 

chlorine atoms bridging to the titanium atoms (Table 2). 

The crystal structure of [(Me3P)PtC1(SOP(OPr i)2)2Zn].CH2C12 [17] is shown 

in Fig.2. As can be seen, each square planar [{(Me3P)PtC1 (50Ρ(0ΡΗ)2}2Γ group behaves as a 
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tridentate ligand facially coordinating the central zinc via one chlorine and two oxygen atoms. The 

transannular Zn..Pt distance is 388 pm and the Pt-Zn-Pt angle is 158°. 

The remaining ten examples [18-21] (Table 2) contain two zinc atoms plus 

a heterometal atom. The structure of a red derivative [18] consists of a central cobalt atom surrounded 

in a roughly tetrahedral fashion by two zinc atoms, a phosphorus atom, and a n5-bound 

cyclopentadienyl group. The mean Zn-Pt distance of 228.9(1) pm is the shortest found in 

heterometallic zinc complexes. The Zn-C(cp-centroid) distances are 201.8(5) and 202.8(5) pm for 

Zn(1) and Zn(2) respectively. The Zn-cp binding is, however, definitely of the η 5 type [18] (Table 2). 

In [{ZnC13(th1)(PPh3)}2\/] [19], the "central" atom is in fact vanadium, and the 

two zinc atoms are part of the ligand system around the zinc atom. Two zinc atoms, with a tetrahedral 

coordination of three chlorine atoms and one PPh3 molecule, are each connected to the vanadium 

center via two chlorine bridges. Two molecules of tetrahydrofuran complete the octahedral 

coordination sphere of the vanadium atom. 

There are eight examples, [MZn2(crotonate)2L>] where Μ is Mg, Cd, Ca, Sr, 

Co, Ni or Mn, and L is a unidentate Ν heterocyclic ligand [20,21]. The structure of colourless 

MgZn2(crotonate)6(4-vipy)2 [20] is shown in Fig .3 as an example. The molecule contains an exactly 

linear array of three metal atoms linked by six crotonate bridges. Four of the bridges are of the syn-

syn type, coordinating to one metal atom through each of their two 0 atoms. The remaining two 

crotonates are simultaneously chelating to one Zn, and are also bridging through an 0 atom to Mg. 

The zinc atoms are five-coordinated, while the Mg is octahedrally coordinated (Table 2). 

Fig.3 Structure of MgZn2(crot)2(4-vipy)2 [20] 
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4. HETEROOLIGONUCLEAR ZINC COMPOUNDS 

The data for these compounds are given in Table 3 in order of increasing 

nuclearity. There are six examples of heterotetranuclear zinc compounds, three of them containing 

two zinc atoms plus two heterometal atoms [14,22,23], and the remaining three containing only one 

zinc atom plus three heterometal atoms [24-26], In purple [(bpy)ZnFe(CO)4]2 [22], the four-membered 

metal-metal bonded ring is rigorously planar. Each zinc atom is pseudotetrahedrally bonded to the 

two nitrogen atoms in a bidentate 2,2' -bipydridyl ligand and to two adjacent iron atoms with Zn-Fe 

distances of 253.2(1) and 258.5(1) pm. The iron atoms are each bonded to the two adjacent zinc 

atoms and to four carbonyl groups in an extremely distorted cis octahedral geometry (Table 3). 

In crystals of white [(cp)(CO)3MoZnC1 (OE t^ , [14] two zinc atoms are 

doubly bridged by two chlorine atoms. The coordination of zinc is completed by a n-(cp)(CO)3Mo 

moiety (Zn-MO = 263.2(1) pm) and a diethyl ether species (Zn-0 = 209.3(5) pm. The structure of dark 

red [(H4)(PMePh2)4V2(M-BH4)2Zn2] was described [23] as a diamond-shaped V2Zn2 aggregate (a 

squashed butterfly) with four edge-bridging hydrogens. The n2-borohydride hydrogens and the 

hydrogens bridging V to Zn furnish a tetrahedral environment about zinc (Table 3). 

The X-ray crystal structure of air-stable dark red [Znl2Pt3(p-CO)3 

(PPh(Pr*)2)3] [24] is shown in Fig.4. As can be seen, the structure consists of a Pt3-triangle capped 

by a zinc atom. The ZnPt3 tetrahedron is distorted, having two Zn-Pt distances of 265.0(5) pm and 

one of 275.5(5) pm. There are also slight differences in the Pt-Pt distances (267.9 - 268.6(2) pm). 

Fig.4 Structure of Znl2Pt3(M-CO)3(PPh(Pr ,)2)3 [23] 
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The geometry around zinc in [ZniFeicpXCO)^" [25] is trigonal planar with 

the zinc atom 2.4 pm from the plane of the three iron atoms. All of the trigonal angles are 120±3°, and 

the mean Zn-Fe distance is 254.1(2) pm (Table 3). In another example [26] the central zinc(ll) atom 

is surrounded octahedrally by three [p-OH)2Co(en)2]+ moieties with the Zn06 chromophore. The 

mean Zn..Co distance of 301 pm, with Zn-O-Co angles of 97.2°, ruled out a metal-metal bond. 

There are three examples of heterohexanuclear zinc compounds of the 

general formula Zn4Ni2L6 [27,28]. The structure of Zn4Ni2 (C5H4SiMe3)6 [28] is shown in Fig.5 as an 

example. These structures are unprecedented in showing examples of η1-, η3- and η5- coordination 

of the cyclopentadienyl groups to a main group metal (Table 3). 

Fig.5 Structure of Zn4Ni2(n5^5H4SiMe3)2(n3^5H4SiMe3)2(n1<:5H4SiMe3)2 [28] 

The structure of a heterooligonuclear cluster, containing four zinc atoms plus 

eighteen cobalt atoms, is shown in Fig.6. The cluster has a diameter of 1,500 -1,600 pm. It is the 

central metal cluster (the Zn tetrahedron) that determines the octahedral spatial distribution of the 

transition-metal clusters. The six [(C0)9C03(CC02)]" moieties are located around the oxo-tetrazinc 

core [29]. 

The remaining fourteen species in Table 3 are polynuclear in structure [30-

42], The coordination geometry of the metal is predicated by the structures of the polymers and there 

is no straight-forward classification of types as in the previous cases. In the polynuclear examples the 

zinc(ll) atoms are four- [30,31,40], five- [32] and six-coordinated [33-42]. The other heterometals are 
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Fig.6 Structure of Zn40{(C0)9C03(p3-CC02)>6 [29] 

two- [42], four- [30,39,41] and six-coordinated [31-40], The most common bridging ligands are 0-
donors and cyanide groups. There is no example in which the metal-metal distance was less than 300 

5. CONCLUSIONS 
Almost fifty heterometallic zinc compounds have been characterized by X-ray 

diffraction. Of these the number of examples by nuclearity increases in the order: Heterotri- < poly-

< bi- < tetra- < hexa- < oligonuclear. While for zinc the tetrahedral geometry is most common, the 

heterometal atom usually has pseudooctahedral geometry. The shortest Zn-M bond distances are 

228.8(1) pm (M = Co) in heterotrinuclear [27], 253.1(1) pm (M = Fe) in heterotetranuclear [22], and 

271.1(3) pm (M = Mo) in heterobinuclear derivatives. 

This review is part of a series which includes inorganic zinc(ll) coordination 

compounds [1] and zinc organometallic compounds [2]. Despite the increasing availability of data 

retrieval systems, the collection of such data is not always straightforward. Some examples remain 

effectively invisible due to their associated keywords and others do not include full structural 

information. Some authors do not include bonding parameters about the central atom, or M-M 

distances, bridge angles or adequate description of ligands used. It is hoped that this review will serve 

to concentrate the available material, highlight areas of particular interest and point out areas where 

more attention is warranted. 
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