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INVESTIGATIONS ON ORGANOZINC COMPOUNDS

I. SOME COORDINATION COMPLEXES OF DIBUTYL-, DIPHENYL-,
AND BIS{PENTAFLUOROPHENYL)ZINC

J- G. NOLTES axp J. W. G. VAN DEN HURK
Iustitute for Organic Chemisiry T.N.O., Ulrechi (the Netherlands)

(Received December 1oth, 1963)

INTRODUCTION

Since Wanklyn?! in 1858 reported the isolation of NaZnEt,, various anionic organoczinc
complexes have been reported in the literature. Examples of these iniclude the complex
aniz s ZnR~ (ref. 2), ZnR H- (ref. 3), ZnR >~ (ref. 4), and Zn(C=CH) @>- (ref. 5).

Jrganozinc compounds were, however, generally- held to be unable to form neutral
dcnur-acceptor complexes, but verv recentiyv, the first examples of well-defined co-
ordination complexes have been reported. An indication of their existence was the
observation made in 1859 by FranklandS that the use of dimethy] or diethyl ether as a
solvent greatly facilitates the formation of dimethvlzinc from zinc and methyl iodide
and that separation of the product from the solvent proved to be impossible. Thiele”
recently studied the interaction of dimethylzine with a variety of linear and cyclic,
mono- and bivalent ethers and succeeded in isolating a number of well-defined
crystalline or liquid, distillable 1:1 and 1:2 coordinaticn complexes. The formation of
crystalline mono-dioxane complexes of a number of arvizinc compounds had already
been mentioned by Sheverdina ef al3. A cryvstalline 1:1 complex of diethylzinc and
isoquinoline recently has been isolated by Pajaro e al® Coloured 2,2°-bipyridine
complexes of dimethyl- and diethylzinc have recently been mentioned in the litera-
ture!?.

Current interest in this subject leads us to publish some of the results obtained
in our study of the complex-forming behaviour of organozinc compounds.

RESULTS

In the present study we have found that organozinc compounds are capable of forming
stable coordination complexes having well-defined stoichiometry with a variety of
oxygen-, nitrogen-, phosphorus- and arsenic-containing ligands. The influence of the
organic substituent R on the acceptor properties of the zinc atom has been investigated
by suitable variation of R. Complexes have been prepared of dibutylzinc, diphenvlzinc
and the not previously reported bis(pentafluorophenvl)zinc. The latter compound has
been obtained as a colourless crystalline solid (m.p. 91-93°) by the reaction of zinc
chloride with pentafluoromagnesium bromide in diethyl ether:

ZnCl, + 2CFMgBr — (C.F )aZn -+ MgCl, <+ MgBr,
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ORGANOZINC COMPOUNDS. I 379

The ligands used include ethyleneglycol dimethyl ether (I,a,b), ethylenebis(dimethyl-
amine) (II,a,b,c), tetramethyl-2-tetrazene (III, a,b,c), triphenylphosphine (IV,a,b},
ethylenebis(diphenylphosphine) (V.a,b,c}, and o-phenylenebis(dimethylarsine) (VI,
a,b,c). The complexes prepared have been summarized in Table 1.

The properties of a series of 2,2"-bipyridine and o-phenanthroline complexes
including those containing various other groups R, have been discussed in a separate
paperll,

Complexes of zinc bromide with the same ligands as mentioned in Table 1 (R =
Br) have been prepared incidentally to this investigation. These are listed in Table 2.

TABLE 2

SOME COORDINATION COMPLEXES OF ZINC BROMIDE

plex™ 3 a " B Zinc
Complex AM.p.°C Solvent Formula o, Caled. or Found
(Lc) 103-105 diglyme™” C4H,,Br,0,Zn 20.76 20.42
(I1.d) 182 ethanol CeH,¢Br,N,Zn 19.18 19.53
(IIL.d) dec. ether C.H,.Br,N,Zn 19.18 19.17
(IV,c) 200 (dec.) ethanol CysH,y,Br.P.Zn 8.72 8.79
{V.d} 275 ethanol CogHayBr.PsZn 10.48 10.08
(VI d) 200-202 ethanol C,oH sA5:Br.Zn 12.79 12.85

* Ci¢. Table 1 (R = Br).
** Ethyvleneglycol dimethyl ether.

DISCUSSION

It seems reasconable to assume a chelate structure (tetra-coerdinated zinc) for the
1:1 complexes with bidentate ligands. Although the formation of sp>-hybridized
planar complexes (1:1 complex with monodentate ligand) recently has been re-
ported®-®, formation of tetrahedral complexes with sp® hybridization of the zinc atom
is the expected situation in view of its 3d%04s? electron configuration. Indeed, the
monodentate ligand triphenviphosphine vielded 2:1 complexes (IV,a and IV,b).

By increasing the electronegative character of the organic group R on zinc, the
polar character of the zinc—carbon bond will be enhanced. Negative charge is being
pulled away from the zinc atom causing the electron affinity of the vacant orbitals of
zinc and, consequently, the tendency to form donor-acceptor complexes to be
increased (compare ref. 12). In keeping with the fact that phenyl groups are more
electron-attracting than butvl groups, diphenvlzinc forms coordination complexes
more readily than does dibutylzinc. Whereas diphenylzinc readily forins complexes
with ethyleneglvcol dimethyl ether (I,a) and with triphenylphosphine (IV,a), di-
butylzine forms a thermally very unstable complex with the first ligand (complete
dissociation at 40° and o.or mm Hg) and fails to complex with triphenyviphosphine.
Similarly, the diphenylzinc complex of o-phenylenebis(dimethylarsine} (VL,b) is much
more stable than the dibutylzinc complex (VI,a) which slowly loses dibutylzinc upon
heating zn vacuo.

The possibility must be taken into account that the complexes derived from
phosphorus- or arsenic-containing ligands are stabi'ized by dz—dx back-bonding of
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electrons from the filled 3d orbitals of zinc to empty d orbitals of phosphorus or
arsenic. However, the dibutylzinc comiplexes (I1,a and IIl,a) with nitrogen-containing
ligands which lzeck the possibility of d——d= bonding are more thermally stable than the
ditertiary arsine complex {V1,a). Lewis e al. recentiy considered the role of d+—d=
bonding in ditertiary arsine complexes of 4'® metals unimportant in view of the high
lonization potential of the non-bonding 2'¢ shell of the metal atoms!3. Moreover,
mtroduction of more electronegative groups on zinc, while increasing the strength of
the phosphorus (arsenic) to zinc 6-bond of the complex, at the same time will decrease
the tendency towards do—d- back-bonding from zinc to ligand. The first efiect is
clearly dominant as appears from the fact that the diphenylzinc complexes are more
stable than the dibutyl complexes. Unsuccessful attempts have been made tuv isolate
coordination complexes of dibutyvlzinc with triphenviphosphine, triphenylarsine and
ethyvienebis{diphenvlarsine}. The latter ligands do coordinate with diphenylzinc, but
analyvtically pure complexes with the arsenic-containing ligands could not be isolated.

In accordance with the recent finding that the pentafluorophenv! group and the
bromine atom have approximatelyv: the same electron-attracting properties!i-13,
bis{pentafiuorophenyljzinc was found to form coordination complexes readily (Lb;
II.c; IIlc; IV,b; V,c; VLc).

Although quantitative data are lacking, the zinc-carbon boné in the complexes
mentioned in Table 1 seems to be less sensitive towards hydrolvsis than in the parent
orgzanozinc compounds.

\Whereas the organozinc complexes with tetramethyvi-2-tetrazene {IIl.ab,ci
a_jpear to be stable at moderate temperatures, the zinc bromide complex of this ligand
{II1.d) decomposes upon heating with evolution of a gas. The chloride analogue is even
more unstable and explosively decomposes above room temperature. In a few pre-
liminary experiments samples of the chloride complex have been carefully decomposed
in z-hexane at 0-60-C until the evolution of gas had ceased. A solid product re-
mained, the analvsis of which suggests the formation ¢ :inc chloride-tetramethvl-
hydrazine complex. This behaviour seems to be unisue for zinc as the corresponding
complexes of cadmium and mercury halides have been reported to melt normallyv
{m.p. CdCl, complex: 250°C; m.p. HgCl, complex: g3 C;i!5. We plan to look more
closely into the thermal behaviour of the complexes (IIl,a,b,c,d) (for a related studyv
see ref. 17},

EXPERIMENTAL PART

The organozinc compounds and their complexes are very sensitive to atmospheric
moisture. Their preparation was carried out using the techniques described in a recent
pubiication from our Institute?s.

Analyses for zinc were made by decomposing a sarnple of the complex (ca. 0.15
mmole} in a mixture of fuming nitric acid and fuming sulphuric acid, adjusting the
pH to 10, and titrating Zn>- with EDTA to Eriochrome Black T end-point.

Melting poin‘s have been taken in sealed capillaries (nitrogen atmosphere) and
have not been corrected.

Ethyvlenebis(dimethvlamine}'®, tetramethyl-2-tetrazene!s, ethvlenebis(diphenyvi-
phosphine)®, ethyvlenebis{diphenylarsine)®! and o-phenyienebis/dimethylarsine)? were
prepared according to published procedures. The other ligands used were commercial

preparations.

J- Organometal. Chenr., 1 (1964} 377333
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Dibutylzinc® and diphenylzinc?® were obtained according to the literature.

Bis(pentajluorophenyt)ztnc
In a 500 ml three-necked Rask provided with stirrer, reflux condenser, dropping funnel
and inlet and outlet tubes for maintaining a nitrogen atmosphere, a solution of

pentafluorophenylmagnesium bromide® was prepared from 3.8 g magnesium, 35.0 g
(0.1.4 mole) of pentafluorobromobenzene and 100 ml of diethyl ether. To the Grignard
reagent a solution of 9.7 g (0.07 mole) of anhydrous zinc chloride in 150 ml of diethyl
ether was added dropwise with stirring. The reaction mixture was kept at reflux
temperature for one hour. Diethyl ether was removed by distillation and replaced by-
300 ml of toluene. The mixture was kept at reflux temperature for two hours causing
the precipitation of inorganic salts which were removed by filtration. The filtrate was
diluted with 300 ml of #-pentane and allewed to stand for 16 hours. After filtration
and evaporation of the solvents, crude bis{pentafluorophenyl)zinc-diethyl ether
complex remained as a dark-brown viscous oil. The complex was decomposed upon
distillation #n vacuo (bath temperature ca. 140°C; o.1 mm Hg) affording 5.9 g of a
colourless oil which cryvstallized for the greater part. The adhering oil was removed
by washing with a small quantity of n-pentane affording 4.2 g (159%) of colourless
cryvstals with m.p. 91—93°C. (Found: Zn, 16.13. C,.F;Zn caled.: Zn, 16.369%;.)

Preparation of complexes (see Tables I and 2)

Complex (I,a) was prepared by dissolving diphenylzinc in ethyleneglycol dimethyl
ether, heating at 60°, evaporating excess of ether i/n vacuo, and cryvstallizing the
complex by addition of pentane.

Complexes {I.b) and (I,c) were obtained in the same way.

Complex (II,2) was obtained by heating a mixture of dibutylzinc and excess of
ethylenebis(dimethylamine) at 70°, and removing excess of ligand at So°C and 0.1 mm
Hg. A colourless liquid remained which could not be made to crystallize.

Complex {I1,b) crvstallized upon addition of pentane to a solution of diphenylzinc
and ethvlenebis{dimethyvlamine) in a small volume of benzene followed by cooling.
The crystals were washed with pentane and dried 7 vacuo.

Complexes (IL,c), (IILb), {IV,a}, (V,b), {V,c), and {VI,b) were obtained in the
same way.

Complex (IIl,a) remained as a colourless liquid which crystallized at ca. —335°
when a mixture of dibutyvlzine and excess of tetramethyl-2-tetrazene was heated at
60°C followed by removing excess of ligand at 530°C and o.1 mm Hg.

Complex (III,c) separated as colourless cristals upon addition of excess of
tetramethvl-2-tetrazene to a solution of bis{pentafluorophenyl)zinc in pentane and
cooling. The crystals were washed with pentane and dried n vacuo.

Complexes {(IV,b) and (IV,c) were prepared similarly.

Complex (V,a}) was obtained by heating a mixture of equimolar amounts of
dibutylzinc and rthylenebis(diphenviphosphine) at 1207, adding pentane to the clear
mixture obiained, cooling at 0°, washing the crystals thus obtained with pentane and
drving the product in vacuo.

Complex (VI,a) was obtained as a colourless liquid by heating a mixture of
o-phenvlenebis{(dimethylarsine) and excess of dibutylzinc at 70°C, and then removing
excess of dibutvizinc at 40°C and 0.1 mm Hg.

J. Organometal. Chem., 1 (1964} 377-383
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Unsuccessful attempts were made to isolate well-defined complexes of dibutvl-
zinc with ethyleneglycol dimethyl ether and triphenylphosphine and of both dibutyl-
and diphenylzine with triphenylarsine and with ethyvlenebis(diphenvlarsine).

Compiex (II,d) crystallized upon addition of excess of ethyvlenebis{dimethyl-
amine) to a solution of zinc bromide in ethanol. The crystals were washed with ethanol
and dried.

Complex (ITI,d} crystallized upon cooling a solution of zinc bromide and excess
of tetramethyl-2-tetrazene in a large volume of diethyl ether. An explosive reaction
occurs when these reactants are mixed in the absence of a soivent.

Complex (V,d) crystallized upon addition of a solution of zinc bromide in ethanol
to a solution of excess of ethylenebis(dipheayiphosphine) in benzene and cooling.

Complex (IV,c) was obtained similarly.

Complex (VI.d) was obtained by slowly evaporating #n vacwo a solution of
equimolar amounts of zinc bromide and o-phenvlenebis(dimethylarsine) in absolute
ethanol and washing the cryvstals thus obtained with acetore.

Svnthests and thermal decomposition of zinc chloride—tetrantethvi-2-letrazene complex

A solution of 2.7 g {0.02 mole) of anhvdrous zinc chloride in 500 ml of anhyvdrous
diethyl ether was filtered, cooled at o° and added dropwise to a solution ofz2.3g
(0-02 mole} of tetramethyl-2-tetrazene in 100 ml of diethvl ether kept at o°. The
cristalline solid which precipitated during the addition was collected by filtration
and kept at 0°C under N.,. The product may explosively decompose when reaching
room temperature. (Found: Za, 26.31. C H,.Cl.N Zn calcd.: Zn, 25.92°;.)

Upon heating a suspension of the complex in hexane at 4o°C gas was evolved.
The mixture was finally retfluxed for one hour and evaporated in vacuwo leaving a tan
solid product. (Found: Zm, 29.81; Cl, 32.31. C;H,,Cl.N,Zn calcd.: Zn, 29.22; Ci,
31.60%.)
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SUMMARY

Dibutyvl-, diphenyvl-, and bis{pentailuorophenylizinc have been found capable of
torming coordination complexes with various oxyvgen-, nitrogen-, phosphorus- and
arsenic-containing ligands. Bidentate ligands vield r:1 complexes, triphenyvlphosphine
2:1 complexes.

The infiuence of the organic groups attached to zinc on the stability of these
complexes and tlie possible role of d+—d= bonding in complexes with phosphorus- and
arsenic-containing ligands has been discussed.

Complexes with tetramethyl-2-tetrazene have been found to display interesting
therma: behaviour.

The preparation of bis{pentafiuorophenvl)zinc is reported.
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