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Abstract 

Structures of organozinc compounds determined by X-diffraction, have been reviewed. Almost forty organozinc compounds are 
surveyed in this review. There are examples of bi-, tri-, tetra-, penta-, hepta- and polynuclear derivatives. Relationship between structural 
parameters, covalent radii of coordinated atoms and the geometry of the coordination sphere are discussed. 

1. Introduction 

The chemistry of zinc compounds has been exten- 
sively investigated, and the relationship between struc- 
ture and biomedical activity is of major importance. 
Over the last 20 years, studies on the reactivities of 
various ligands with zinc(U) have been carried out by 
many research groups. Many of these studies have 
resulted in isolable compounds that have been suitable 
for crystallographic structural studies. There have been 
several annual reviews of zinc chemistry [l], and we 
have recently completed a classification and review of 
the structures of zinc coordination compounds [2]. This 
present review covers the structures of organozinc com- 
pounds having a Zn-C bond. This field is still growing 
in importance, as can be concluded from the relatively 
large number of recent publications. 

2. Mononuclear organozinc compounds 

Structural data for mononuclear organozinc com- 
pounds are given in Table 1. The zinc atom can be two 
or four coordinated. There are four derivatives [3-51 in 
which the zinc atom is linearly coordinated by C donor 
ligands with Fn-C bond distances ranging fr,om 1.950(2) 
to 1.980(4) A with a mean value of 1.967 A. 

* Corresponding author. 

In the remaining 12 derivatives [7-151 the zinc atom 
is tetrahedrally coordinated. The ligands are unidentate 
and bidentate, and various degrees of distortion are 
consequently observed. For the bidentate ligands there 
are different sizes of the metalloring, causing variations 
in the bite angles. The effects of both electronic and 
steric factors can be seen in the variation of the L-Zn-L 
bond angles. For the five-membered metallocycles, the 
mean L-Zn-L bond angle is 72.3” for O-donor ligands, 
75.0” and 84.5” for unsaturated and saturated N-donor 
ligands respectively, and 85.7” for a C plus P donor 
ligand, reflecting the difference in t$e covalent radius pf 
oxygen (0.73 A), nitmgen (0.75 A), carbon (0.77 A) 
and phosphorus (1.10 A). 

In the series of unidentate ligands the mean Zn-L 
distances increase with increasing covalent r!dius of the 
$oordinatedO atom in tke sequent: 1.99 A O(C, 0.77 
A) < 2.26 A (Cl, 0.99 A) < 2.64 A (I, 1.33 A). In the 
series of bidentate ligands othe mean ZnO-L distance 
increases in the order 2.185 A (0) < 2.234 A (N), which 
reflects the trend of covalent radius of the coordinating 
atom. The mean Zn-L distance increases with increas- 
izg coordination number, as expected, from 1.97 to 1.99 
A for two- and four-coordinated species, respectively. 

In Zn(C,, H,,0,)(CH2 Ij2 [8], two crystallographi- 
tally independent molecules are present, differing in 
their degrees of distortion. The coexistence of two or 
more species, differing only in their degrees of distor- 
tion, is typical of the general class of distortion iso- 
merism and occurs often in copper (II) complex chem- 
istry [16]. Most of these species are colourless, as might 
be expected on electronic grounds. 
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Table 1 
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Crystallographic and structural data for mononuclear organozinc compounds a 

Compound Crystal class a (A) a (“) Chromo- Zn-L 
kolour) Space group b (A, p (“1 phore (A, 

Z c (A, Y (“I 

L-Zn-L 

(“I 

Ref. 

CC 180,0(l) 131 Zn((2,4-‘Bu)2C,H,l, 9.748(2) ZnC, Cb 1.969(8, 0) 
(colourless) 

m 
P2Jn 
2 

Zn{(MeOMe,SiXMe,Si),C}z 
(not given) 

11.444(3) 
12.511(3) 

110.46(2) 

;2,/n 
2 

9.283(6) 
17.393(7) 
10.407(3) 

ZnC, C 1.980(4, 0) 
104.88(4) 

tr 
Pi 
2 

9.324(2) 
11.275(3) 
15.708(2) 

tr 
Pi 
1 

8.503(6) 
8.719(8) 
8.296(7) 

m 
p2,/c 
4 

15.03(5) 
15.19(5) 
16.97(5) 

m 14.775(3) 
P2,/n 18.252(3) 
8 20.082(l) 

FZ,/n 
4 

m 
P2t/n 
4 

9.000(l) 
12.887(l) 
19.671(l) 

9.368(l) 
10.975(l) 
27.051(2) 

tr 
pi 
2 

7.367(7) 
11.108(4) 
11.728(5) 

m 
P2t/n 
4 

6.980(l) 
20.620(2) 
10.054(l) 

or 
Cmcm 
4 

13.553(2) 
7.399(2) 

19.736(4) 

m 
p2,/c 
8 

24.45(3) 
16.56(2) 
16.60(l) 

or 7.098(l) 

1.965(2) 
1.970(2) 

1.950(2) 

2.64(1, 4) 
2.14(3) 

2.308(3, 85) 
1.958(4, 14) 

2.269(6, 5) 
1.961(8, 2) 

2.284(3, 45) 
1.964(4, 3) 

2.15(1, 5) 
1.95(2, 3) 

2.22(1, 2) 
2.02(2, 1) 

2.225(7, 0) 
2.010(7, 0) 

2.410(4, 0) 
1.987(6, 0) 

not given 
2.049(4, 0) 

2.19(2, 4) 
1.95(3, 5) 

2.307(4, 0) 
1.984(5, 0) 

w 180 [41 

Zn{(HOMe,SiXMe,Si),C}, 
(not given) 

80.39(2) 
85.25(l) 
70.95(2) 

111.8(l) 
114.8(l) 
97.9(l) 

w 175.9(l) [41 ZnC, C 

[Zn(Et),](18-crown-6) 
(colourless) 

ZnC, C cc 180 [51 

W.&Hfi)SSMe)[ZnKC5 I-I 1 1 j2- 
2 3 

(colourless) 

I,1 108.7(4, 2.3) [61 
LC llo(1, 10) 

Znl,C I 
C 116.2 

Zn(C,,H,,O,XPh), 
(colourless) 

ZnO,C, 

ZnO,C, 

ZnO,C, 

ZnO,C, 

ZnO,C, 

0 
PhC 

070 
cc 
QC 

73.0(9, 4) = [71 
147.7(2, 2.2) 
102.9(1, 6.1) 

71.6(2) ’ 171 
139.6(3) 
106.2(3, 4.6) 

72.4(l) ’ 171 
146.7(2) 
103.3(2, 1.3) 

72.7(4) ’ [81 
138.4(7) 
106.6(6, 2.9) 
71.7(4) c 

137.5(6) 
107.1(5. 9) 

103.29(l) 

Zn(C,,H,,O,BrXPh), 
(colourless) 

0 
PhC 

w 
w 
0s 
w 
w 
QC 

95.66(l) 

Zn(C,,H,,O,BrXPh), 
(colourless) 

0 
PhC 97.48(2) 

Zn(C22H2202XCH21)2 d 
(not given) 

105.42(4) 
91.67(3) 
94.57(3) 

w 
w 
w 
04 
w 
QC 

W 
cc 
NC 

Zn(‘Bu-dabXMe), 
(orange) 

75.0 = 
137.3 
not given 

191 

105.6(2) 1101 
145.1(2) 
100.3(2) 

given [ill 

ZnN,C, N 
MeC 90.97(l) 

Zn{(MeNCH,),XMe), 
(white) 

ZnN,C, 

ZnN,C, 

ZnN,C, 

N 
MeC 

W 
cc 
N.C 

Zn(2-(Me,Si),Cpy), 
(not given) 

N 
C 

Not 
107.82(6) 

Zn(N,Me,XC,F,), 
(not given) 

N Not given 1121 
p2,2,2, 
4 

or 
Fdd2 
8 

15.926(2) C 
17.924(3) 

17.044(l) ZnN,C, N 
24.734(2) C 

6.103(l) 

N,N 109.7(l) 1131 
CC 156.4(2) 
NC 100.7(1, 7.5) 

ZnKCH,),NMez)z 
(not given) 
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Compound 
(colour) 

Crystal class a (A) 
Space group b 6) 
Z c 6) 

Zn@‘h,P(CH~),}~ m 
(colourless) P2,/a 

4 

Zn(Me,enXC,H,)CI m 
(colourless) p2,/c 

4 

14.224(6) 
19.340(9) 
9.984(2) 

8.435(2) 
13.587(2) 
12.096(2) 

a (“) Chromo- Zn-L 

p (“1 phore (A, 
y (“) 

ZnC,P2 C 2.01(1, 1) 
102.14(3) P 2.585(3, 13) 

ZnN,CCl N 2.156(6, 5) 
96.50(2) C 2.030(12) 

Cl 2.263(3) 

L-Zn-L 

(“) 

Ref. 

cc 
p,p 
c,p 

147.1(4) 1141 
105.72(9) 
85.7(3, 2) ’ 

114.5(2, 3.5) 

NJ 84.5(3) ’ [151 
NC 119.1(4, 9) 
N,CI 104.8(2, 3) 
C,CI 118.0(4) 

a Where more than one chemically distance or angle is present the mean value is tabulated. The first number in parentheses is the estimated 
standard deviation and the second number is a maximum deviation from the mean value. 
h The chemical identity of the coordinated atom of the ligand is specified in these columns. 
z Five-membered metallocyclic ring. 

There are two crystallographically independent molecules. 

3. Binuclear and oligonuclear organozinc compounds 

Crystallographic and structural data for binuclear and 
oligonuclear organozinc compounds are collected in 
Table 2. There are ten species of binuclear organozinc 
compounds, with two distinct types of bridging, the 
distorted edge-shared bitrigonal or bitetrahedral struc- 
ture with two bridging ligands being the most common. 
In five derivatives [17-201, two oxygen ligands serve as 
bridges. In two other species [21,22], two nitrogen 
ligands also serve as bridges. In two examples the 
bridges involve two sulphur ligands [19,23]. 

There is a relationships between the covalent radius 
of the bridging atom and the Zn-L-Zn angle. The angle 
closes as the covalent radius of the L donor atom 
increases. For example, the mean Zn-L-Zn angles and 
the coovalent radii of the bridgi!g atom are; 99.5” and 
0.73 A for 0, 85.5” and 0.75 A for N, and 85.2” and 
1.02 A for S. 

The mean Zn-C distances inc<ease with increasing 
coordination number from 1.950 A (three coordinated) 
to 1.996 A (four coordinated). The mean Zn-L (bridge) 
distances increase with increasing covalent radius of the 
coordinated atom and with coordination number in the 
sequence 1.957 A (three coordinated) and 2.080 A (four 
coordinated) (0, 0.73 A> < 2.072 as 2.126 A (N, 0.75 
A> < 2.399 as 2.438 A (S, 1.02 A>. 

The structure of [Zn(‘BuCH,CO,)(THF)Br], [24] is 
shown in Fig. 1. As can be seen, the dimeric unit forms 
an eight-membered non-planar ring. The zinc atoms are 
tetrahedrally surrounded by two oxygen, one carbon and 
one bromine atom (Table 2). 

There are three trinuclear derivatives [19]. In two of 
them [Zn{p,-S(2,4,6-R,C,H,)}(Me,SiCH,)], (R = 
isopropyl or tert-butyl), the cores consist of six-mem- 

bered rings that are comprised of alternating zinc and 
sulphur atoms. While the (Zn-S), ring in the former 
has a structure that deviates from strict planarity to- 
wards a chair conformation, in the latter the (Zn-S), 
ring is much closer to planarity. Each zinc has trigonal 
coordination (Table 2). 

The structure of the third trinuclear derivative is 
shown in Fig. 2. The molecular unit is comprised of an 
almost linear array of three zinc atoms (Zn-Zn-Zn, 
175.7 (1)“) that are bridged by four diisopropylphenoxy 
groups. Each of the terminal zinc atoms is further 
coordinated to one alkyl group. The central zinc atom 
has a distorted tetrahedral geometry whereas the two 
terminal zinc atoms have a trigonal-planar coordination 
n91. 

Structural data for tetranuclear organo-zinc com- 
pounds are summarized in Table 2. In colourless 
Zn,(Et,NCO,),(Me), [25], the zinc atoms lie in a plane 
and the unit is centrosymmetric with two independent 
zinc atoms. Four carbamates bond along the edge of the 
Zn, parallelogram and two further carbamates bridge 
across the diagonal of the parallelogram above and 
below the plane of the zinc atoms. The main structural 
feature of another two derivatives [19,26] is the dis- 
torted Zn,O, cubane core. Both Zn and 0 possess 
highly distorted tetrahedral coordination (Table 2). 

The structure of colourless [(Et)Zn{Me(‘Bu)N(H)- 
C=(MeO)CO]], [27] is shown in Fig. 3. The tetrameric 
associate consists of four crystallographically indepen- 
dent ZnOCCN units which are linked via zinc- 
oxygen-zinc bridges (average Zn-0-Zn angle of 
131.8(3)“) and form a central eight-membered Zn,O, 
ring. 

In another colourless derivative [28], the structure 
contains an eight-membered Zn,O, ring formed by 
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Fig. 1. Crystal structure of [ZII(‘BUCH,CO,XTHF)B~I, [241. 

alternating zinc and oxygen atoms. This ring is bridged 
twice by the oxygen atoms of the two PhZnOPh moi- 
eties (Table 2). 

Colourless [Zn(Me,CS)(Me)], [29] exists in the crys- 
tal as discrete pentamers. This is the only such example 
in the series of organozinc compounds. The zinc atoms 
lie near the corners of a square-based pyramid with the 
apical atom Zn(5) closer to Zn(3) and Zn(4) than to 
Zn(l> and Zn(2) (Fig. 4, and Table 2). 

The molecular structure of Zn,(MeO),(Me), [30] is 
shown in Fig. 5. The centrosymmetric complex consists 
of two enantiomorphic distorted cubes which share a 
corner, the centre of symmetry. The zinc atoms occupy 
the corners of a tetrahedron, and the oxygen atoms 
occupy the corners of an interpenetrating but smaller 

Fig. 2. Crystal structure of [Zn,(p0(2,6-‘Pr,C,H,)Z(Me,SiCHI)~] 
1191. 

tetrahedron. This familiar structure is present in colour- 
less Zn,(NCO),(Et), [31] (Table 2). 

Colourless [Zn(C, H, )(Me)], , adopts a puckered 
-Zn(C,H,)Zn(C,H,)Zn(C,H,)- chain structure in 
which the bridging cyclopentadienyl groups coordinate 
in a di or trihepto manner to the bridged zinc atoms, 
apparently functioning as five-zlectron ligands [32]. The 
methyl-zinc distance is 1.96 A. Each zinc atom is thus 
surrounded by a distorted trigonal arrangement of three 
ligands. Colourless species are by far the more preva- 
lent. 

4. Conclusions 

Almost 40 organozinc compounds are surveyed in 
this review. The zinc(H) atoms in the series of mononu- 
clear compounds are found in digonal [3-51 and tetrahe- 

Fig. 3. Crystal structure of [(Et)Zn{Me(‘Bu)N(H)C=(MeO)CO)& [27]. 
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Fig. 4. Crystal structure of [Zn(Me,CS)(Me)], [29]. 

dral [6-151 environments. There are examples of binu- 
clear [17-241, trinuclear [19], tetranuclear [19,25-281, 
pentanuclear [29], heptanuclear [30,31] and polynuclear 
[32] derivatives. 

There is the example Zn(C,,H,,O,)(CH,I), [8] 
which contains two crystallographically independent 
molecules, differing in degree of distortion. 

There is a trend for the Zn-L distance to increase 
with increasing covalent radius of the coordinated atom 
and also with increasing coordination number. 

This review, together with its precursor [2], repre- 
sents the first overview of crystallographic and struc- 
tural data for zinc. It is hoped that this review will serve 
to bring together the overall picture and to stimulate 
areas of particular interest. 

Fig. 5. Crystal structure of Zn,(MeO),(Me), [30]. 
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Appendix A: Nomenclature 

‘Bu 
‘Bu-dab 
C,H, 

$fIH7,),SMe 
C,F, 
C,,H,SO,Br 
C,,H,,O,Br 
C1,H& 
C*oH,,N, 

C,,H,*O* 

dmh 
Et 
m 
Me 
or 

;: 
t g 
tr 
THF 
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