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Summarzry

Part I: The low-freguency infrared gpectra of some complex halideg of
zine; cadmium, and mercury. ‘

Metal-chlorine and ~bromine infrared stretching frequencies are
reported for a variety of complex halides of zinec, cadmium, and mercury,
and for gseveral alkyl- and apyl-mercury halides, including some perfluoro-
derivatives. There is»no clear relation between v(M~X) and the type of
ligand, but frequencies tend to be relatively high in complexes of
chelating ligands. Th;—frequency and intensity of the absorption bands
aue to v(M=X) have been shown to be of value in predicting the
co-ordination environﬁent of the metal atom. Siretching frequencies
involving bridging chlorine atoms are considered to be below 200 cm"1
and were not observed., Cadmium-chlorine are lower than mercury=-chlorine
stretching frequencies in analogous compounds and it is suggested that in

several of the examined cadmium complexes, chdCl the metal has a

2!
distorted-octahedral rather than a tetrahedral enviroment: Some boronium

salts are described which probably contain bridged (M2916)2- anions

(M=Zn or Cd).

Part II: Some alkoxy~, thio-, and amino-derivatives of methyl- and
ethyl-zinc.

Phenol and some aliphatic alcohois react with dimethylzinc forming

tetramers (MeZnQR)4 and with 2-dimethylaminoethanol diethylzinc yields

a trimer (EthOCHszZNM62)3. Some thiols yield insoluble products




T o

(iv) - -
(MeZnSR) 5 but t-butylthiol gives pentamers (MeZnSBu ) and (EthSBu ) i
and iso-propylthiol yields a hexamer (MeZnSPrl)é. Dlmethylamlne :

forms 1nsolublq [KMQZN)zzé] x and no methylzinc compound but diphenylaminé
§

gives the dimer (MeZnNth)z. Methylzinc acetate and dimephylphosphinate

are insoluble and involatile and are considered to be polymeric.  All
these products disproportionate when heated, evolving dimethylzinc,
except (MeZnOBut)4 which forms isobutene. ‘

Reactions are described between many of these-compounds and
pyridine leading to the formation of monomeric and dimeric complexes
containing four co-ordinate zinc.

Dimethylzinc does not react with benzophenone in toluene at llO0
whereas diphenylzine reacts smoothly to yield dimeric phenylzine ?%
triphenylmethoxide. Under the same conditions diethylzinc affords .
trimeric ethylzinc diphenylmethoxide and ethylene. Diphenyl- and
diethyl-zine with phenylisocyanate in.refluxing benzene yield tetrameric
1:1 adducts which afford benzanilide and propionanilid; on hydrolysis.
Possible structures for these 1:1 adducts and the above-mentioned

compounds are discussed. Infrared data relating to .methyl- and

ethyl-zinc groups in the complexes are tabulated.
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Summary

Part I: The low-freguency infrared spectra of some complex halides of
zinec, cadmium, and mercury.

Metal-chlorine and -bromine infrared stretching frequencies are
reported for a variety of complex halides of zinc, cadmium, and mercury,
and for several alkyl- and aryl-mercury halides, including some perfluoro-
derivatives. There is no clear relation between v(M-X) and the type of
ligand, but frequencies tend to be relatively high in complexes of
chelating ligands., The frequency and intensity of the absorption bands
due to v(M-X) have been shown to be of value in predicting the
co-ordination environment of the metal atom.  Stretching frequencies
involving bridging chlorine atoms are considered to be below 200 cm_l
and were not observed. Cadmium-chlorine are lower than mercury-chlorine
stretching frequencies in analogous compounds and it is suggested that in
several of the examined cadmium complexes, L

CdCl_, the metal has a

2 2!

distorted-octahedral rather than a tetrahedral enviroment. Some boronium
R= .

salts are described which probably contain bridged (M2016) anions

(M=Zn or Cd).

Part 11: Some alkoxy-, thio-, and amino-derivatives of methyl- and
ethyl-zinc.

Phenol and some aliphatic alcohols react with dimethylzinc forming
tetramers (MeZnOR)4 and with 2-dimethylaminoethanol diethylzinc yields

a trimer (EthOGH29H2NMe2)3. Some thiols yield insocluble products
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(iv) :
(MeZnSR) o Dut t-butylthiol gives pentamers (MeZnSBu ) and (EthSBu )
and iso-propylthiol yields a hexamer (MeZnSPr )6 Dlmethylamlne

and no methylzinc compound but diphenylamine

forms insoluble kMezN)zzé] "

gives the dimer (MeZnNth)z. Methylzinc acetate and dimethylphosphinate
are insoluble and involatile and are considered to be polymeric. All
these products disproportionate when heated, evolving dimethylzinc,

except (MeZnOBut which forms isobutene.

‘4

Reactiong are described between many of these compounds and

pyridine leading to the formation of monomeric and dimeric complexes

Dimethylzinc does not react with benzophenone in toluene at 110°
whereas diphenylzinc reacts smoothly to yield dimeric phenylzinc
triphenylmethoxide. Under the same conditions diethylzinc affords
trimeric ethylzince diphenylmethoxide and ethylene, Diphenyl- and
diethyl-zinc with phenylisocyanate in refluxing benzene yield tetrameric
1:1 adducts which afford benzanilide and propionanilidé on hydrolysis.
Pogsible structures for these 1l:l adducts and the above-mentioned
compounds are discussed. Infrared data relating to methyl- and

ethyl-zinc groups in the complexes are tabulated.



INTRODUGTION,




i
INTRODUCGCTTION

The work described in Part I of this thesis is concerned with
the infra-red spectroscopic study of a number of complex halides of
zinc, cadmium, and mercury. The metal-chlorine, and in some cases
metal-bromine stretching frequencies have been observed, and have
been showun to be of value in predicting the coordination environment
of the metal atom, In this introduction the relevant data are
reviewed, and some of the structural characteristics of Group IIB
metal halide complexes are briefly discussed.

With the exception of metal-fluorine stretching frequencies,
which have already received particular attention l, metal-halogen

stretching frequencies are knowm to occur in the 100-400 cm'l

region,
A large amount of Raman data relating to complex metal-halogen anions
are already available, although it is mainly confined to main Group
elements, It is only comparitively recently 2 that complex halide
anions of transition elements have been studied by umeans of Raman
spectroscopy. The available infra-red data are not nearly as
abundant, but it has recently increased repidly with the increasing
availability of grating spectrometers capable of scanning the
infra-red region to a lower limit of 200 cm—}

The value of spectra in this region depends on the availability

of data indicating the range of metal-halogen stretching frequencies,

pruiisi
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and the extent of their dependance on the coordination environment of
the metal atom. The metal-halogen stretching frequencies generally
give rise to strong absorption bands, and the spectra in this region
are relatively simple. Infra-red data for this region have therefore
found application in coordination chemisgtry.

Metal-chlorine, and metal-bromine stretching frequencies have been
reported for a series of tetrahedral complex anions of the type, MXE-;
(M= Mh,Fe,Go,Ni,Cu,Zn.)B. The former vibrations were reported to
occur at approximately 380 cm_l, and 290 cm—l for M (III) and M (II)
respectively. The corresponding metal-bromine vibrations occurred at
2020 cm'l, and 220 cm_} The higher frequencies indicate a higher degree
of covalent bonding between the metal and halogen atoms; this is to he
expected for enions in which the metal atom is more highly charged.

The particular interest in these spectra was the structure of the band

due to the higher of the two infra-red active vibrations, namely v3(f2),
assuming.tetrahedral symmetry. As the vibration is triply degenerate

in undistorted tetrashedral species, then any distortion due to
antisymmetrical distribution of the non-bonding "d" electrons is reflected
in a splitting of this particular band. Clearly, distortion could also
be due to an unsymmetrical environment within the crystal, consequently
infra-red data on crystalline compounds is not without ambiguity. It

is somewhat surprising that a single band due to v(Cu-Cl), and v{Cu-Br)

+ -
was observed for the complexes, (PhBMeAs)Z (CuX4)2 , as ligand field
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theory predicts a highly distorted tetrahedral arrangement of ligands

2

around the Cu™ ion, The corresponding caesium complex Cs20u014,

which is known to have a distorted tetrahedral anion 4, shows a
splitting of the v, band of 28 cm-}
Adams et al 5 have published low frequency infra-red date for an

extensive series of MXA, MX5 and MX6 anions. Metal=-chlorine

b
stretching frequencies occurred in the range, 228377 cm-l, the lowest

+ -
frequency being due to v(Hg-Cl) in the complex (EtAN)E (HgG1 )2 . The

structure of the band due to v3(f2) for the tetrachléro—mefcurate anion
indicated a highly distorted tetrahedral species, presumably due to the
tendency of mercury to be linearly coordinated. The low value of the
mercury-chlorine stretching frequency contrasts quite markedly with

the Ranan data. James and Janz 6. havye assigned the four fundamentals
due to the anion HgClz_, from a Raman study of solutions of mercuric

chloride in melten potassium chloride.  The v3(f2) vibration is
reported to occur at 276 cm_%
Low frequency infra-red studies have been applied to the
coordination chemistry of some Group VIII and Group IV elements. Coates
and Parkin 7, as well as assigning metal-halogen stretching frequencies
for a large number of coordination complexes of gold, and some Group VIIL

elements, also found bands due to heavy metal-phosphorus, sulphur, and

arsenic vibrations. Absorptions due to metal-halogen stretching
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vibrations were used to distinguish between ¢is, and trans isomers of
coordination complexes. The trans isomers gave rise to only one infra-
red active metal-halogen stretching vibration, while ¢is isomers, as
expected, gave rise to two such vibrations. The observed values for
trans-complexes were found to be in the range:-

403-4,08 ont (Ni), 353-359 on (Pd), and 326-339 on T (Pt(II) );

while for cig—complexes the metal-chlorine stretching frequencies were
considerably lower. The nickel-halogen vibrations in the neutral
complexes occur at surprisingly high frequencies, v(Ni-Br) occurring

at 340 cm-l, and even v{Ni-I) was observed at 208 cm-} The absorption
vand due to v(Ni~Cl) in the complex (EtAN); (NiClA)z- occurs at 286 cm_l ,

which is considerably lower than 403-408 en™L

in the neutral complexes.
No such difference is observed for platinum, s.g. v{Pt-Cl) occurs at

320 cm-l in the complex K2Pt014.8 This frequency is very close to the

values found above for the trans complexes of *Pt(II) halides.

In the univalent gold complexes, v(Au-Cl) was found to occur in
the range, 311-329 cm_l , and v(Au-Br) in the range 210-233 cm-l. As
expected the corresponding frequencies in the trivalent gold complexes
are much higher; v(Au~Cl) and v(Au-Br) occurring in the ranges

1

371-302 cm — , and 264-213 om™t respectively. The isotopic splitting

well observed, probably due to the facts that as well as there being

only one stable isotope of gold, the vibration, being non-degenerate
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would not be subject to splitting from effects within the crystal.

With a view to further elucidating the nature of the trans-effect,
Adams et al 9 have examined the low frequency infra-red spectra of an
extensive series of square planar complexes of the type, PtX2L2, (where
X=Cl,Br; L~neutral ligand). The detector ligands were the halogen atoms
-and the platinum-halogen stretching frequencies were regarded as a
measure of bond strength. For trans-complexes, the single infra-red
active metal-halogen stretching frequency was found to be almost
insensitive to the nature of the ligand; v(Pk-Cl) and v(Pt-Br) occurring
at 339:3 cm—l, and 25059 et respectively. For cis-complexes however
the two infra-red active stretching vibrations were found to be very
dependant on the nature of the ligand, v(Pt-Cl) occurring in the ranges
343-302 e~k s and 328-231 en~t,  The corresponding bromides were found

1 and 206-194 cn ™t

to have v(Pt-Br} in the ranges 254-211 cm™
Satisfactory correlations of v(Pt=X) with electronegativity of the donor
atom were obtained from data on the cig-complexes.

For a large number of octahedral transition metal complexes (MD,C1,)X,
where X i1s C17, Cl0;, and D is the ligand diarsine, a trans-configuration
has been established for all complexes except one form of (CoD2012) 0104. 10
On the basis of infra-red spectral values, the latter complex has been
assigned the cig-configuration, in agreement with the assignment from the

ultraviolet and visible spectrum.

Stereochemical assignments have been made for a series of six-


http://broad.de

bom

coordinate adducts of tin (IV), and germanium (IV) halides 11. The
adducts were of the type MX4L2, where X=halogen, and L=tertiary base.
The metal-halogen stretching frequencies were found to occur in much
the same regions as the anions (MCl6)2-. For example, v(Sn-Cl) in the
adducts were observed to fall within the range 324{-275 cm"l, while the
higher of the two infra-red active vibrations for (SnClé)z_ occurs at

310 cm-} Similarly v(Ge-Cl) was found to occur at 350-325 cm'l, and

1

312 em — for neutral adducts and the anion respectively. The above

values are very considerably lower than those observed for the tetrahalides,
v(Sn-Cl) being at 403 em™ T, and v(Ge-Cl) at 453 em™L,
A low frequency infra-red study has recently been made on a series

12
» represented by the formula,

of adducts of organotin halides
(RxSnXA_xLz), where X=halogen, R=alkyl, and L=some Lewis ge¢id, usually

a tertiary base. It is interesting to note that v(Sn-Cl) is greatly
reduced as the hydrocarbon residue is increased, for example v(Sn-Cl)

in SnClA,PyZ occurs at 324 cm‘l, and in MeSnClB.bipy or MeSnClB.phenan;

the frequencies fall to within the range 308-266 cm'l. No frequency
which could be attributable to v(Sn~Cl) was observed for the adducts
MeZSnClzbipy and Miezanl2 phenan; although the spectrometers employed

were equipped with caesium bromide optics, and consequently had a lower
1imit of 250 em™t., Had caesium iodide optics been available the
tin-chlorine frequencies in the latter adducts may well have been observed.

IE it is assumed that chlorine, being the most electronegative element in
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the adducts is the recipient of any negative charge from the donating
ligands, then the less the number of chlorine atoms in the adducts, the
greater will be the effect on the Sn-Cl bond. The increasing ionic
character of this bond is reflected in the considerable lowering of the
stretching frequency. The 1:1 adduct of trimethyltin chloride and
pyridine was found to have an extremely weak band due to the symmetrical
stretching mode of the tin-carbon skeleton, and v(Sn—Cl)was not,
observed. The authors concluded that in the molecule MeBSnCl py, the
tin atom was five-coordinate. This was later confirmed by Hulme 13, who
showed by an X-ray structure analysis that the molecule existed in the
solid state as a trigonal bipyramid having a planar SnG3 group, with the
chlorine atom and the pyridine molecule occupying axial positions.
Finally infra-red spectroscopy in the low frequency region referred
to above, is becoming an increasingly important method for studying ionic
melts 14 . Although special technigues are required for such high
temperature Ftudies, infra-red and Raman data provide a valuable tool for
the study of nearest neighbour interactions and complex ion formation

in molten salts.

Group IIB spectroscopic data.

When the present work started the available spectroscopic data for
the complex halides of Group IIB slements were confined mainly tc Raman

studies of the tetrahedral anions MX2~ » which are present in aqueous

/A

solutions of the metal halide and excess alkali metal halide. A complete
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comparison can only be obtained by referring to vy, the totally

symnetric vibration, the frequencies of which are listed in Table I

together with references.

TABIE I.

HALIDE ZING CADMITM MERCURY REFERENCES

MClZ- 280 cn™t 232 cm’l 269 et Zn.15,16;Cd:17;Hg, 13
MBrz" 172 en~! 166 cn~t 166 cu™>  2n.16,19;Cd.13,19;Hgls.
Mri" 122 en™ 117 en™t 126 an™l  7n.20,16;Cd.18, 21;Hgg0.

The low value for the anion CdClz- ig doubtful, as only one very
weak line was observed in the Raman spectrum of a solution of cadmium
chloride in a large excess of potasgsium chloride. Later workers 18 have
not confirmed the value. Apart from the above anomaly it can be seen
that any effects due to increased mass of the central metal atom are
practically negligible.

The infra-red sctive antisymmetrical stretching vibration V3, has
been observed in the Raman spectra of certain of the above complex anions.
As is generally the case, the reported frequencies are higher than for the
totally symmetrical stretching vibration; for example V3 for CdBrZ" 18,
Cdli' =0 , and ZnIi_ 20 was found to occur atfrequencies 185 cm"'l
145 cm_l, and 170 ™1 respectively. The anion HgGlZ- which is present in

A

solutions of mercuric chloride in molten potassium chloride has recently
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been studied, 6 . The symmetrical vibration vy and antisymmetrical

1

vibration vy , are reported to occur at frequencies of 267 cm - and

276 em~L respectively.

22, 23

Apart from studies on the gaseous halides only the

tetrahedral complex anions have been investigated by infra-red spectroscopy.
For complexes containing ZnClz- 323 y v(Zn=Cl) occurs in the range
271-292 cm-l , while v(Zn-Br) 3 was found to occur within the range 203-
223 cm‘} For complexes presumably containing the anions CdClz- and
HgClZ- , v(Cd-Cl) and v(Hg-Cl) were found to occur at frequencies of
260 em~L , and 228 et respectively 5,
No spectroscopic data were available for neutral complexes of Group I1IB
metal halides, the present study being undertaken to provide such data,
and attempt to correlate the wetal-halogen stretching frequenciss with

the type of ligand and the coordination environment of the metal.

Some gtructural characteristics of Group IIB metal halides and their
Complexes

The Group IIB elements, having an outer electronic configuration
of (n-1) dlO n52 might be expected to have a tendency to expand their
covalency from two to four, resulting in a tetrahedral distribution of
ligands around the central metal atom, Suitable bonding is presumably
accomplished by involving the use of sp3—hybrid orbitals. This is
generally true for zinc, but the increase in size in going from zine to

cadmium results in the latter very often being octahedrally coordinated.
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Mercury, rather unexpectedly from the above congiderations, very often
exhibits digonal coordination. This is apparently due to the fact that the
energy separation between the dgsl and le s° ground states are very much
less for mercury than those of cadmium and zine. The values given by
Orgel R are, Zn2+, 9¢7 e.v.; Cd2+, 10+0 e.v.; and H82+, 53 e.v. This
small energy separation is always associated with a strong tendency to
linear coordination by d-s hybridisation.

Of the halides MX2, only the difluorides crystallise as purely ionic
lattices, zinc fluoride having the rutile structure, and both cadmium and
mercury fluorides having fluorite structures. Zinc chloride is trimorphic,
the o= and[} - forms being built up of ZnCl4 tetrahedra while the Y- form
has a layer lattice similar to mercuric iodide. The mwetal atoms in the
latter are tetrahedrally coordinated. Zinc bromide and zinc iodide have
layer lattices similar to the cadmium halides in which the metal atom is
octahedrally surrounded by halogen atoms.

Mercuric chloride, and mercuric broimide exist in the solid state as
s¢ called molecular crystals, in which the metal atom is octahedrally
surrounded in a layer lattice, but two of the halogen atoms are very much
closer to the mercury atom than the remaining four. Consequently, it is
possible to identify moclecules of HgX2 within the crystal.

It has been well established from Raman studies that the halides, when

dissolved in aqueous solutions of alkali metal halide, give rise to complex

anions MXi' which have tetrshedral symmetry. This is not always the case
2
in the solid state. The complex chlorides (MeAN)Zzn01L 25,CSZZnCl4 ,

27
and the complex bromide CSZZnBr4 » have all been the subject
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of X-ray crystallographic analysis. In each case the zinc atom is
tetrahedrally coordinated, although slightly distorted due to
unsyminetrical siting of the cations. Occasionally zinc is octahedrally
coordinated, e.g., in salts of the type K,ZnCly 2 hich is isostructural
with its cadmium analogue, and which contains discrete octahedral

units. Octahedral coordination of zinc is also found in bis-hydrazine
zinc chloride 29, (N2H4)22n012 » the ZnN, being planar with the two

chlorine atoms in axial positions. The two isostructural diammines

. g .
Zn(NH3)2012, and Zn(NH3)23r2 contain discrete tetrshedral units. 3 An

unusual svereochemlstry occurg in the terpyridyl complex of zinc chloride,

and its isostructural cadmium analogue. The metal atom is five-coordinate
and the molecule is a distorted trigonal bipyramid. 31 More recently 32
bis (acetylacetonato) zinc (1I) monohydrate has been shown to contain
five-coordinate zinc, whereas in the anhydrous compound the zinc atom is
tetrahedrally surrounded.

Although the salt (Etﬁ\l)2 CdCl4 has been prepared,s X-ray data are
not available, although it probably contains tetrahedral anions. Usually
hovever, complex chlorides of cadmium exhibit octahedral coordination,
€e8e) NH4CdCl 33 consists of chains of CdCl, octshedra condensed into

3 6

layers and sharing edges. The diammine Cd(NH3)2012 is an octahedral
H

complex although a tetrahedral distribution of ligands might perhaps be

expected. The crystal contains infinite chains of CdCl, octahedra

6
sharing edges. 34 The bis-pyridine complex py20d012 has been reported 35
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to be isomorphous with the violet & -form of its cobalt analogue, and
is therefore octahedrally coordinated through bridging chlorine atoms.
The corresponding bromide 36 also has a chain structure with six~-
coordinate cadmium and bridging bromine atoms. A similar structure has
been reported 37 for bis-biuret cadmium chloride, and its mercury analogue.

Numerousg complexes of cadmium bromide and iodide with tertiary
phosphines and arsines have been described 38, which are of three distinct

typesi-

a cax., (PrR,)

2 Wy

b. (CdX2 PR3)2

c. (CdXZ’KPRB)3

HMembers of class a., are monomeric, and presumably are tetrahedral,
whereas compounds belonging to class b.,  have been shown to be dimeric
in benzene. The triethyl phosphine complex of cadmium bromide
(EtBPCdBrZ)2 vas shown by X-ray crysballographic analysis to be dimeric

in the solid state, and to have a trans-halogen bridged structure:-

Et,P c1
3
c1
Ngg— >Cd/
/ TT—c1 AN
61 o,

Tetrahedral coordination of the cadmium atoms is to be expected in



all compounds of this type.

The structure of the compounds of class c., have not been elucidated,
and are not further considered.

The complex (EtAN)Z HgCl,, which apparently contains HgClZ_ anions,
has not been examined structurally, although the infra-red data 5 suggest
that the mercury atom is in a highly distorted tetrahedral environment.

Many complex chlorides of mercury are known, several of which have been

examined by means of X-ray crystallography and their gtructures elucidated.

The caesium complex CngCl3 39

has been shown to contain octahedrally
surrounded mercury atoms, but two chlorine atoms are very much closer to
the mercury atom than the remainder. The interatomic distances are
reported to be; Hg-Cl at 2'293I, and 4(Hg-Cl at 2-702 , and the complex
may be congidsred as an sggragate of Hg012 molecules with Cs and G1~ ions.
Similarly, the complex InggCl4 . H20 has been shown by the same authors
to be a crystal aggragate of gClz,K+,Cl‘ , and molecules of water. The
interatomic distances are; 2Hg-Cl at 2 293, Hg-Cl at 2-928 » and 2Hg-Cl
at 3-133. The individual molecules of mercuric chloride are non-linear,
C1-Hg-Cl being 173°

Ammonium trichloromercurate, NHAﬂgClB, 40 has been shown to consist
of HgCl6 octahedra linked together in such a way as to give layers of
composition (HgClB)g- , the layers being held together by NH4+ ions,

Again, the distances between shared chlorine atoms and the mercury atoms
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are so large that it is difficult to reconcile them with covalent
bonding, and the structure is best described as a crystal aggragate.
The inter atomic distances are given as; 4Hg-Cl at 2'96R, and 2Hg-Cl at
2'343. The latter distance is somewhat larger than that of the HgGl2
molecules in the above compounds, and appreciably larger than in
crystalline mercuric chloride, the latter having an Hg-Cl distance of

o .
2°25A. 41 The diammine Hg(NH3)2012 and the isostructural bromide

)

apparently contain the specie

34

T oTrT TrY 2‘- - -, V.
5y (HBh-ng-NnB) randomly arranged in the
crystal.

42

In the complex (MeAN) HgBr , the mercury atom is trigonally

3
coordinated in discrete HgBr§ anions, in which Hg-Br bonds are nearly
all the same length,

There is however interaction between anions, and the structure
maybe regarded as being half-way between HgBrE anions, and a structure
consisting of infinite chains of (HgBrB)g' .

An extensive series of complexes with tertiary phosphines and arsines

38
has been described , the compound types being classified as;-

a. HgX2(PR3)2

b. (ng2PR3)2
c. (ngz)3 (PR3)2

d. (ng2)4 (PR3)2



=15-

'Classes a., and b., have been shown to be structurally similar to
the cadmium analogues, compounds of class b., being dimeric in benzene.
A preliminary X-ray examination of the eomplex (EtBASHgI2)2 showed the
mercury atom to be tetrahedrally coordinated, achieving four-colalency
through bridged halogen atows. As for the analogous cadmium compounds
the halogen-bridged structure was found to have a trans-configuration.

Compounds belonging to class c. were shown to be a molecular aggragate

in the golid gtate, of halogen-hridged dimera and free moleculeg of

mercuric halide., A complete X-ray snalysis was carried out on the
complex, (nl3L13As)2 (HgBr?_)B, which showed that the mercury atom in the
individual molecules of mercuric bromide is octahedrally surrounded by
six bromine atoms, there being slight interaction between the terminal
and bridging bromine atoms of the dimer with the mercury atom of the free
halide. The Hg-Br interatomic distance in the individual molecules of
mercuric bromide is 2=25§, which is in fact less than that in the
crystalline halide, Hg-Br for the two closer bromine atoms being 2-48&.
Finally the compounds of class d., have unlnown structures and are

not considered further in the present investigation.



EXPERIMENTAL




In Part I of this thesis only, all of the analytical data are
presented in the form usually adopted for the description of new
compounds, although many of the compounds prepared during the present
investigation have been described previously. Where described

previously, the complexes are acknowledged by reference.
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EXPERIMENTAL

Metal analyses
The complexes were all analysed for metal content using 'EDTA!
methods., Preliminary oxidation of the complexes was by combustion in a

closed oxygen-filled flask; the method has been previously described.‘!"3

Between 50-100 mgms. of complex were weighed into & small gelatin
capsule and combusted in the usual way. Absorption of the oxidation
products was accomplished by shaking with approximately 100 mls. of
hydrochloric acid (1-ON) which had previously been placed in the 2-litre
combustion flask. In the case of mercury it was necessary to reflux the
oxidation products with concentrated nitric acid for several minutes,
since the chloro-complexes yielded much mercurous chloride on combustion.

After diluting to a known volume; a suitable aliquot wag taken and
the pH adjusted to 4°5 using a knowm vclume of 0°5N sodium hydroxide
solution, The zinc solutions were further buffered to a pH of 5-6 using
hexamethylenetetramine, and then titrated with 0°005M 'EDTA' solution
using xylenol orange as an indicator. The end point was given by a sharp
change from red colour, to pale yellow,

For the cadmium solutions it was found better to use a "back
titration" technique. After adjusting the pH with hexamethylenetetramine
an excess of 0°005M 'EDTA' solution was added, followed by several drops
of 0°2% xylenol orange indicator. The solution was then titrated with
0+*005M zinc acetate solution until the yellow colour changed sharply to

deep red,
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The mercury solutions were adjusted to pH6 by the addition of
approximately lml, of pyridine, and the mixture titrated directly using
a mixed indicator. The indicator consisted of BDH 4+5 indicator (three
drops) and 0-2% xylenol orange (six drops)., In the presence of mercuric
ions a deep blue-violet colour was produced which progressively faded to
pale grey on titration with 0-.005M EDTA solution. The end point was
given by a sharp change from pale grey to pink.

The complex halides with alkali metal or ammonium halides were not

combusted, but dissolved in dilute acids before titration.

Infrared spectra.

Infrared spectra were measured with a Grubb-Parsons double-beam
grating spectrometer (DB3/DM2), with a 200-line per cm. grating, swept with
dry air. The calibration was checked against part of the rotational
spectrum of water vapour, the instrument being used as a single beam one .
Specimens were mounted as Nujol mulls between caesium iodide dises,
halogen exchange being avoided by placing thin Polythene sheets between the

mulls and the caesium iodide.

Zinc complexes.

Many of the complexes examined in the present study have already been
prepared by previous workers. These authors are referred to under the
appropriate complex, but experimental details are not given in their

entirety except where difficulties were encountered during their preparation,
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Anhydrous zinc chloride.

Finely powdered, slightly hydrated zinc chloride (20gms), and
freshly distilled thionyl chloride (50mls.) were mixed in a round bottomed
flask, and refluxed for two hours. After distilling off the excess
thionyl chloride the remaining traces were removed under vaccuo, and the
anhydrous zinc chloride transferred to a dry-box where it was stored

for transferring samples for subsequent reactions.

An aqueous solution containing zinec chloride, and caesium chloride
in the molar ratio of 1:2 was allowed to evaporate at room temperature.
The complex was obtained as large colourless crystals. (Found: Zn, 14°0%.

Cs201 Zn requires Zn, 13.8%.).

4

Dichlorobis(ammine)zinc, 4’ (NH3)2zn012_

Anhydrous liquid ammonia was condensed onto anhydrous zinec chloride

and the mixture allowed to remain at -80° for approximately one hour.

The excess ammonia was removed under vaccuo, leaving the diammine as a

47

white powder, m.pt. 210-240° (decomp.)(Lit.*’ 200°) (Found: Zn, 38+7%.

- B C1lN,Zn requires Zn, 38+4%.).
48

Dichlorobis{(diethylami inc B .
s( ylamine)z ( 1-.2NH)22an12

Freshly distilled diethylamine was condensed onto anhydrous zinc

chloride, and after approximately thirty minutes the excess diethylsamine

was removed under vaccuo, leaving the product as a white powder, m.pt.
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54=55°,  (No m.pt. quoted in literature), (Found: 2n, 31-6%. C8H22

Clzszn requires 2n, 31.2%.).
49

Dichlorobis(pyridine)zinc. Py22n012

Pyridine and anhydrous zinc chloride were mixed in a molar ratio

of 2:1 in hot ethanol. Large white crystals separated on cooling, and
these were recrystallised from ethanol, m.pt. 204~206°. (No m.pt. quoted

in literature). (Found: Zn, 22-2%. 010H10012N22n requires Zn, 22¢2%.).

Dichloro(tetramethylethylenediamine)zinc. (MeZN'GHz-)ZZnCl2

NNN,N’tetramethylethylenediamine and anhydrous zinc chloride were
mixed in a molar ratio of 1:1 in a small amount of ethanol. On
cooling the solution to 0°, long cclourless needles slowly separated,

m.pt. 177°. (Found: Zn, 25-T%. CcH-

W

GlgNQZn raguires Zn, 25-9%.).

DichloroggLZI;bipyridyl)zinc. 50 Bipy ZnCl,.

When hot ethanolic solutionsorf 2,2/-bipyridyl and anhydrous zinc
chloride were mixed, a white solid precipitated immediately. The
product was recrystallised from nitrobenzene, in which it was sparingly
soluble, m.pte »360°. (No m.pt. quoted in literature). (Found: Zn, 22-5%.

C1HlgClN,2n requires Zn, 22:4%.).

Dichloro(l, 10-Phenanthroline)zinc 1,10-phenan ZnCl

2.
The complex was precipitated when dilute ethanolic solutions of

zinc chloride, and of o-phenanthroline were mixed together. Due to its low
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solubility, the complex could not be recrystallised, but was washed with
much ethanol, m.pt. »360°, (Found: Zn,20-7%. C12HgCll,Zn requires
Zn’ 20'8%0) .

Dichloro(2, 2/, 2"-tripyridyl) zine. > Terpyridyl ZnCL,

Anhydrous zinc chloride and 2,2’,2"—tripyridyl were mixed together in
hot water. On cooling, the complex slowly crystallised as pale yellow

needles, m.pt. »360°, (No m.pt. quoted in the literature.).

Dichlorobis(triethylphosphine) zinc 48 (PEt3)2 ZnCl

2.
Triethylphosphine was condensed onto anhydrous zinc chloride and the
mixture allowed to warm to room temperature. The excess free base was

removed under vaccuo leaving a white solid, m.pt. 97-98°. (no m.pt. quoted

in literature.). (Found: Zn, 17.4%. G4H10012P22n requires Zn, 17+6%).

Dichlorobis(dimethylphenylphosphine) zinc. (PHeZPh)ZZnCl

P

An ethanclic solution contsining anhydrous zinc chloride and
dimethylphenylphosphine in the ratio of 1:2, was cautiously diluted with
water., After several hours, the complex separated as large white plates,

m.pt. 118-119°,  (Found: Zn, 15.9%. CygHanCl P, Zn requires Zn, 15:9%.).

DichlorObis§dimethxl—é—dimetgzlaminoghenylphosghine} zingc. (p—Me2N~C6H4
PMe2)22n012

Excess dimethyl-4~dimethylaminophenyl phosphine in anhydrous ether was
added to an ethereal solution of anhydrous zinc chloride. A very fine

suspension which quickly coagulated was produced, and the complex was
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obtained by recrystallisation from dry methanol, m.pt. 152-153°, (lit.,52

151.5-152°)

Dichloro(1, 2-bisdiphenylphosphino-ethane) zinc ( PPh,.CH,— ) ,ZnCl,

An ethanolic solution of the chelating phosphine was added to a hot
ethanol solution of anhydrous zinc chloride, and the complex crystallised
on cooling, m.pt. 290-291°, (Found: Zn,12+3%. 026H24912P22n requires Zn,
12‘ 2%. ) .

Dichlorobis(triphenylphosphine) zinc 53. (PPh3)2ZnCl2

This complex has been described previously 53 but no preparative
details have been given, Attempted preparation from ethanolic solution
resulted in the isclation of unchanged triphenyl phosphine. Colourless

1

crystals of & complex wers obtained by allowing a mixture of an etheresl

solution of enhydrous zinc chloride, and a dry benzene solution of

D,
2]

triphenylphosphine to stand at room temperature for several hours, m.pt.
2959, (Lit.,53 209° ).  The discrepsncy in m.pt. prompted a preparation
of the complex by an alternative route, the method adopted being that used
for the Ni(II) analogue. >4 Anhydrous zinc chloride (0.75g.) in glacial
acetic acid (20mls.) was refluxed for two hours with triphenylphosphine

(2-7g., 2 moles.) in butan-1-ol (20mls). The large colourless crystals

which were obtained began to melt at 208°, finally giving a clear liquid

at approximately 300° , (Found: Zn, 9-9%. C3¢H30CL,PoZn requires Zn, 9.9%.).
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Dichloro(l, 2-diethylthioethane) zinc. (EtS-CHz-)22n012,
The chelatipg sulphide and an equimolar amount of anhydrous zinc
chloride were refluxed in anhydrous ether for approximately two hours.
After removing most of ths ether by distillation, the remaining
concentrated solution was cooled, and colourless crystals of the complex

were obtained. Moisture was rigourously excluded throughout the

preparation of the complex, m.pt. 95-96°, (Found: Zn, 23-1%. 06H1401282

"7 n - (%

— S L Lo 1o ¥ Ro Vil
Zn requires Zn, 22°8%.).

w

Bipyridylyldiphenylboronium trichlorozincate '(bipy Bth)(ZnClB).

To an ethanolic solution of anhydrous zinc chloride, was added an
excess of 2,2’;bipyridylyldiphenylboronium chloride 51 dissolved in
ethanol, The mixture was maintained at room temperature, and after
several hours the complex chloride crystallised as colourless needles,
m.pt. approx. 365°.,  (Found: Zn, 13+2%. CooH1gBCLyN Zn requires Zn, 13+3%.).
The use of a very large excess of boronium chloride did not result in

crystallisation of a tetrachlorozincate.

Anhydrous zinc bromide.

Sufficiently anhydrous zinc bromide was obtained by dissolving
"ANALAR" grade zinc oxide in hydrobromic acid, distilling of the excess

acid, and finally heating the zinc bromide at 120° under vaccuo for several
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Caesium tetrabromozincate 27 Cs_ZnBr

24
An aqueous solution containing caesium bromide, and zinc bromide in

the molar-ratio of 2:1, was allowed to evaporate slowly at room temperature
to yield large colourless crystals of the complex. (Found: Zn, 10-0%.
Br4Cszzn requires Zn, 10-1%.).

54a.

Dibromobis(ammine) zinc

(NH3)22nBr2.

Anhydrous liquid ammonia was condensed at -80°, onto anhydrous zinc
bromide. An imniediate reaction took place and after allowing to warm to
room temperature, the excess amionia was removed under vaccuo., The white
solid obtained was found on analysis to be the tetrammine, Zn(NHB)ABrz.
(Founds Zn, 22+5%, leBerAZn requires Zn, 22+3%.).

The tetrammine was heated under vaccuo at 100-110° for fifteen
minutes. Gas evolution wes observed, and the remaining white solid was

found to be the diam.ine, m.pt. 235-255° (decomp.}. (Found: Zn, 25.1%.

HgBr N.Zn requires Zn, 25.2%.).
Dibromo(tetramethzlethxieﬁediamine) zinc. (MezN-CHz_)ZZnBr2

The complex crystallised slowly as glistening colourless plates
m.pt. 178° , from an ethanolic solution containing the chelating amine

and zinc bromide in equimolar quantities., (Found: Zn, 18.9%, CgHygBr N, 2n

requires Zn, 19-2%.).

Dibromobis{pyridine) zinc,>” PyZZnBr

2
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On cooling an ethanolic solution containing zinc bromide, and an
excess of pyridine, the complex crystallised as large colourless plates,
m.pt. 220-222°.  (No m.pt. quoted in literature.) (Found: Zn, 17.2%.

cloﬁloBerzzn requires Zn, 17-1%,).

Dibromo(2, 2/-bipyridyl) zinc. Bipy ZnBr.,

The complex was precipitated as a creamy white solid when ethanolic

solutions of zinc bromide and 2,2’Fbipyridyl were mixed. It was

recrystallised from nitrobenzene in which it is sparingly soluble, m.pt.

> 360°, (Found: Zn, 17-1%. CyoHgBr N, 2n requires Zn, 17-1%).

Dibromo(l, 10-phenanthroline) zinc. 1,10-phenan ZnBr

2

The complex was prepared in a similar manner to that of the
2,2’;bipyridy1 analogue, but was not recrystallised because of its very
low solubility, m.pt.»360°. (Found Zn, 161%. ClZHSBrZNZZn requires

Zn, 16-1%.).

Dibromobis(triethylphosphine) zinc. (EtBP) 2ZnBr o*
An excess of triethylphosphine was added to a solution of anhydrous
zinc bromide in ether. White crystals of the complex, m.pt. 1300 , slowly

formed. (Found:Zn, 14°1%. 012H30Br2P22n requires Zn, 14°2%.).

Dibromobis(dimethylphenylphosphine) zinc, (PMezPh)zanr2.

An excess of dimethylphenylphosphine was added to a solution of zinc

bromide in ethanol. The complex crystallised when the solution was
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cooled to 0° m,pt. 119°, (Found: Zn, 13.1%. C1gH,BroP 2n requires

2

Zn, 13-0%.).

zine .

p-MIezN-CéHAPMe2 2ZnBr2.

A dilute solution of the phosphine in ether was slowly added to a
solution in ether of half an equivalent of anhydrous zinc bromide. The
complex crystallised quickly as very small needles, m.pt. 1430. (Lit..,52
146°).

Dibromo(1, 2-bisdiphenylphosphino-ethane) zinc. (PPhZ-CHZ.)ZZnBrz.

When a hot propan-l-o0l solution containing equimolar amounts of the

chelating phosphine and zinc bromide was allowed to cool, crystals of the

complex were deposited, m.pt. 287°, (Found: Zn, 10-5%, 026H24Br2P22n

requires Zn, 10°5%.),

Dibromobig(triphenylphosphine)zinc. (PPhB)ZZABrz.
Attempts to prepare the complex by allowing a mixture of an elhereal

solution of zinc bromide, and a benzene solution of triphenylphosphine

to slowly evaporate resulted only in the isolation of a mechanical

mixture of halide and ligand. The method used for the zinc chloride

analogue was therefore adopted. Anhydrous zinc bromide (1s2g) in glacial

acetic acid (15mls.), was refluxed for one hour with triphenyl phosphine

(2+6g.,2 moles.) in butan-l-ol (30mls). The complex crystallised on

cooling, m.pt. 223°,  (Lit.,”> 220-221°),
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Dibromo(1, 2-diethylthioethane) zinc. (EtS-CHg) ZnBr.,.

White crystals of the complex slowly formed when an equimolar

amount of the chelating sulphide was added to an ethereal solution of
anhydrous zinc bromide. The complex, m.pt. 123° s was moisture
sensitive though not to such an extent as the chloride analogue. (Found:

Zn, 17+4%. CHyyBroS,Zn requires Zn, 17-4%.).

Bipyridylyldiphenylboronium tetrabromozincate.(bipy Bth)ZZnBr

4.

An excess of 2,2!; bipyridylyldiphenylboronium bromide 57 dissolved
in ethanol was added to an ethanclic solution of zinc bromide. The
tetrabromozincate crystallised quickly as small colourless plates, m.ph.

260° . (Found: Zn, 6-49%. C, HycBBr N, 7n requires Zn, 6:374.).

Bipyridylyldiphenylboronium tribromozincate. (bipy BPhq)ZnBrS.

The tribromozincate was prepared by recrystallising the
tetrabromozincate from an ethanolic solution of enhydrons zinc bromide,
The complex crystallised as colourless feathery needles, m.pt. 334-335°,

(Found: Zn, 10.32%. 022HIBBBr3N2Zn requires Zn, 10-44%.).

Cadmium complexes.
Anhydrous cadmiwn chloride.

The method of preparation was the same as that used for the zinc
analogue apart from the final stages. After removal of the thionyl
chloride by vacuum distillation, the anhydrous halide was stored in a

vacuum dessicator over solid potassium hydroxide for twenty-four hours
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before using it to prepare complexes.

Potassium hexachlorocadmate. 8 K CdClé.

4

Water was caused to evaporate slowly from an agueous solution of

cadmium chloride and potassium chloride at approximately 90° .  The
cadmium chloride, and potassium chloride were in the molar ratio of 1:6,
and the complex chloride was obtained as large dpaque crystals.

(Found: Cd, 23.5%. CaCleK, requires Cd, 23-3%.).

Anmonium hexachlorocadmate., 2 (NHA)ACdClé,

The complex was prepared by a method identical to that used for
the potassium asnalogue. (Found: Cd, 28°2%, Hléch16N4 requires Cd, 28-3%.).

33 T3 Pl
Nﬂ4bdb13‘

An aqueous solution containing cadmium chloride, and ammonium

Ammonium trichlorocadmate

chloride in the molar ratio of L1:1, was allowed to evaporate slowly at
room temperature. The complex was obtained as transparent white needles.
(Found: Cd, 47-6%. HACdClgN requires Cd, 47¢5%.).

34

Dichlorobis(ammine) cadmium.

(NH, ) ;cdel,.
An ammoniacal aqueous solution of cadmium chloride was allowed to
evaporate slowly at room temperature, and the complex was obtained as

clusters of white needles. (Found: Cd, 51-9%. H¢CdC1 N, requires

Cd, 51<7%.).

Dichlorobis(pyridine) cadmium. 56 Py,CdCl

2
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A large excess of pyridine was added to a warm concentrated
alcoholic solution of cadmium chloride. On cooling the solution,
very small white needles were obtained, m.pt. 200° (decomp.). (No m.pt.
quoted in literature). (Found: Cd, 33.2%. ClOHlOCd012N2 requires Cd,
33'0%-)0

Dichloro(2,2’-bipyridyl)cadniun, 7° Bipy CdCL,

On mixing ethanolic solutions of cadmium chloride, and 2,2’Lbipyridy1,
the immediate formation of a white suspension was observed. The
suspension was filtered only with difficulty, tut was sufficiently
coagulated by refluxing and concentration of the solution. The white
powder was insufficiently soluble to purify by recrystallisation and was
washed with much ethanol, 1n.pt.j>360° (No m.pt. quoted in literature.).

(Found: Cd, 33+4%. C10H80d012N2 requires Cd, 33-1%.).

Dichloro(l,10-phenanthroline) cadmium, 1,10-phenan CdCl,.
The complex precipitated immediately as a white powder when ethanolic
solutions of cadmium chloride, and o-phenanthroline were mixed. Due
to its low solubility the complex was not recrystallised, but washed
with much ethanol. m.pt. 360°, (Found: Cd, 31-1%. C1HgCdCL N, requires

Cdy 30'9%0 ) °

lenediamine

1 el o - ' N o OF N maat
Dichlorol tetramethylett \MeZN CHy )2bd612.

A dry ethanolic solution of anhydrous cadmium chloride, and

containing slightly greater than one molar equivalent of NWN/ N -
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tetramethylethylenediamine, was allowed to stand at room temperature

for one hour. The complex slowly crystallised as fine colourless
needles, m.pt. 24,00 (decomp.). (Found: Cd, 3744%. CéHléchlzNZ requires
Cd, 37.6%.).

Dichloro(2,2’, 2", ~tripyridyl) cadmium, 51 Terpyridyl CdCl,.

A hot aqueous solution of cadmium chloride and one molar

’

equivalent of 2,2, 2"-tripyridyl was allowed to cool slowly, giving
the complex as small yellow crystals, m.pt.>360°., (No m.pt. quoted in

literature).

Dlqﬂ-chloro-dlchlorob;gﬁdlmetnvlpnenvlphosphlne) dlcadmlum.[kHJezPh)Cd01éll
A dilute solution of cadmium chloride, (0.5g), in ethanol

(200mls), end containing one molar equivalent of dimethylphenylphosphine,

was allowed to stand at room temperature. The complex slowly

crystallised as colourless broad needles, m,pt. 254-259°, (Lit.,52

302-304° decomp.). (Found: Cd, 35-1%. CgH,0dC1,P requires 35+0%.).

Dl—g-chloro-dlchloroblgﬁdlmethyl-A—dlmethzlamlnophenxlphosghlneZ

dicadmiun, [p-Me N+ CgH Piie ,CdC1 )

The complex was obtained as colourless crystals from a solution

of anhydrous cadmium chloride (0+5g.), in ethanol (200mls.), containing
one molar equivalent of the phosphine. m.pt. 220-221°, (Lit.,52

215-217°).
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Dichloro(l, 2-bisdiphenylphosphinosthane )cadnium, —(PPh,eCH,~),0dCL,-
Anhydrous cadmium chloride (0-2g.) in hot ethanol (125mls.) was

added to a solution of the phosphine (0+44g.) in hot propan-l-ol

(20mls.). The complex crystallised as needles, m.pt. 265-266° ., on

cooling the solution. (Found: Cd, 19+4%. 026H240d012P2 requires Cd,
19+3%.).

Dichloro(l, 2-diethylthioethane)cadmium, (EtS+CHy-),CdCL

The sulphide was added in excess, to 2 solution of anhydrous
cadmium chloride (0-2g.) in much dry ether. The complex was formed
quickly as very small colourless crystals, m.pt. 140° (decomp.).

(Found: Cd, 33+9%. 06H14Gd01232 requires Cd, 33°7%.).

Bipyridylyldiphenylboronium trichlorocadmate. (bipy BPh2)CdCl3

An excess of 2,2 -bipyridylyldiphenylboronium chloride in ethanol,
was added to anethanolic solution of cadmium chloride. The
trichlorocadmate crystallised as colourless plates, m.pt. 333° .

(Found: Gd, 20-8%., Gl 5BOACLN, requires Cd, 20-87.).

Dibrqmo(2,2'-bipyridyl)cadmium. Bipy CdBr,.

When an ethanolic solution of cadmium bromide tetrahydrate was
added to an ethanol solution of an equi-molar amount of 2,2’—bipyridyl,
the complex was precipitated rapidly as a cream coloured powder, m.pt.

360°, The very low solubility of the complex prevented purification

by recrystallisation, the complex being washed with much hot ethanol.
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(Found: Cd, 26-5%. ClOHSBrzch2 requires Cd, 26+3%.).

Dibromo(1, 10-phengnthroline) cadmium. 1,10-phenan CdBrZ.

The complex precipitated rapidly from ethanolic solution, and like
the 2,2'-bipyridyl complex it was insufficiently soluble to purify by
recrystallisation. m.pt. >360°, (Found: Cd, 25.1%. ClZHSBrzchz requires

Cd, 24+9%.).

Dibromo(tetramethylethylenediamine) cadmium. (Me N<CH.,— ).CdBr..
~ ~ r4 <

Addition of an equimolar amount of NNN'N'-tetramethylethylenediamine

to a concentrated solution of cadmium bromide tetrahydrate in ethanol,
caused the complex to crystallise as colourless needles, m.pt. 239°,

(Found: Cd, 28-7%. CgH, Br,CdN, requires Cd, 28.9%.).

2

|-—|
|.J
I-{

mo( 1, 2-bisdiphenyichosphincethane) cadmium. \DPnzouhg ZCdqu,
~
The complex was obtained as a colourless powder, m.pt. 285-286°,
by mixing solutions of cadmium bromide in ethancl, and the phosphine in

hot propan-1l-ol (Found: Cd, 16-9%. CpgHy,Br,CdP, requires Cd, 16+8%.).

Di—pi-bromo-dibromobis(dime thylphenylphosphine ) dicadmium[zPMezPh)CdBrZ]Z

To a solution of cadmium bromide tetrahydrate (0.5g.), in ethanol

(200m1s.), was added dimethylphenylphosphine (0-2g). The solution was
allowed to stand at room temperature, and the complex slowly crystallised.
m.pt. 216-217°. (Lit.,”? 180° decomp.). (Found: Cd, 27-3%. CgHyqBr,CdP

requires Cd, 27-4%.).
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Di-g:bromo—dibromobis(dimetgxl-é-dimethylaminophenvlghosghineldicadmium.
[p-MeZN-cén 4PMe 2c:dc12]2

Dimethyl-4~-dimethylaminophenylphosphine (0.27g.), was added to a

solution of cadmium bromide tetrahydrate (0:5g.), in ethanol (200mls.).
The solution was mainteined at room temperature, and the complex began

to crystallise after several minutes, as colourless broad needles, m.pt.

223-224°.  (Lit.,?? 221-222°). '

Bipyridylyldiphenylboronium tribromocadmate. (bipy BPhZ)CdBr

3
57

An excess of 2,2'-bipyridylyldiphenylboronium bromide was added
to a hot ethanolic solution of cadmium bromide tetrahydrate. The
complex bromide crystallised quickly as small colourless plates, m.pt.

315-316°.  (Found: Cd, 16.8%. Col1gBBryCdN,, requires Cd, 16°8%.).

Mercury complexes.

The mercuric halides used to prepare the complexes were "ANALARW

grade, and were not further purified.

Caegium trichloromercurate. CngClB.

An aqueous solution of mercuric chloride and a large excess of
caesium chloride, was allowed to evaporate slowly at room temperature.
Small colourless crystals of the complex were formed after several days.

(Found: Hg, 45+5%. C1l,Csllg requires Hg, 45:6%).

Ammonium t.richloromercurate.58 NH HgCl,.

A

Equimolar amounts of mercuric chloride and ammonium chloride were
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fused together in a sealed tube. After approximately thirty minutes
the melt was allowed to cool and the white opaque solid was not further

purified.

Potassium tetrachloromercurate monohydrate, 59 Kqu014.H20.

The hydreted complex chloride was obtained as long opaque needles
when a solution of mercuric chloride (9g.), and potassium chloride (10g.)
in water (40mls.) was allowed to evaporate slowly at room temperature.
(Found: Hg, 46+0%. HZClAHgKQO requires Hg, 45-8%.).

60

Trichloromercury oxonium chloride.

(0(HgC1),)CL.
Large pieces of marble were stood in an aqueous solution of mercuric
chloride for several weeks. The complex was obtained as small,very

bright colourleas crystale.

Dichloro(tetramethylethylenediamine) mercury. (MezN-CHQ—)ZHg012

A twofold excess of NNN;N'-tetramethylethylenediamine was added to
a solution of mercuric chloride in ethanol. The mixture was allowed to
stand at room temperature, and the complex very slowly crystallised as
long colourless needles, m.pt. 164°. (Found: Hg 51-7%. CéHlbclzﬂgNz

requires 51:8%.).

Dichlorobis(pyridine) mercury. Py HgCl,

Crystalline mercuric chloride was dissolved in hot pyridine, and

the solution allowed to cool, Long colourless needles of the complex
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were obtained; m.pt. 108° (Lit.,>™ 108%),

Dichloro(2, 2/ ~bipyridyl) mercury, Bipy HgCL,.

The complex was obtained as a white insoluble powder, on mixing
ethanolic solutions of mercuric chloride, and 2,2’-bipyridyl. The

compound was washed with much hot ethanol. m.pt. 306-310° (decomp.).

(Found: Hg, 47+3%. C, flgCLHeN, requires Hg, 46°9%.).

Dichloro(l, 10~phenanthroline) mercury. 1,10-phenan HgCl,.

This complex, like the 2,2I-bipyridyl analogue was precipitated

from ethanolic solution, and after filtration washed with much hot alcohol.

m.pt. »360°,  (Found: Hg, 44°8%. C1JHgClHeN, requires Hg, 44°4%.).

Dichlorobis(triethylphosphine) mercury. (Et,P) JHeCl,

To a stirred ethereal solubtion of mercuric chloride was slowly added
two equivalents of triethylphosphine in ether solution. The complex
crystallised rapidly as very small white needles, m.pt. 145-161°
(decomp.), shrinking at 130°. (Found: Hg, 39+<4%. CleBOClZHng
requires Hg, 39:6%.).

Di—Mcchloro-gighlorobisfdimetgzlghenxlphosphine2 dimercurx.[:(PMezPh)Hg(.'}lzj,l2

An equimolar amount of dimethylphenylphosphine was added to a

solution of mercuric chloride in hot ethanol, and the solution allowed
to stand at room temperature. The colourless crystals which slowly

formed were not recrystallised. m.pt. 179° (Lit.,52 168-169°)
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(Found: Hg, 48-7%, CSHllGl HgP requires Hg, 48:9%.).

Di-u~chloro-dichlorobis(dimethyl-/-dimethylaminophenylphosphine) dimercury.
p-HMe N+CgH 4PMe 2)ch12 2

To a hot ethanolic sclution of mercuric chloride was added an

equimolar amount of dimethyl-/-dimethylaminophenylphosphine. The

complex slowly crystallised as the solution cooled to room temperature.

52

m.pt. 235° (Lit.,”~ 233-235°).

Tetrachloro(l, 2~-bisdiphenylphosphinvethane) dimercury. \anz-sz-)
(HgClZ)

Mercuric chloride (1l-4g., 1 mole.) in hot acetone (50mls.), was

added to a solution of the phosphine (2:0g., 1 mole) in hot acetone
(50mls.). The complex crystallised as the solution cooled to room

m iy ¥ 29 r e O = £ e T
temperature. m.pt. 272-273° ., (Found: C, 33 %3 H, 2:7%; Hg, 42°4%.

026H24C14Hg2P2 requires G, 33-2%; H, 2:6%; Hg, 42:6%.).

Di-mu~chloro-dichlorobis(triphenylphosphine) dimercury. 38 kPPhB)HgClé]z
e -
The complex separated rapidly as glistening plates, m.pt. 308-312°.,
(Lit., 38 206-203°), when an ethanolic solution of triphenylphosphine

was added to an ethanol solution of an equimolar amount of mercuric

chloride.

Di-p=chloro-dichlorobig(triethylarsine) dimercury. REt As) HgClJz
/

Triethyl arsine was slowly added to a stirred solution of an

equimolar amount of mercuric chloride in water., The flocculent white
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precipitate was crystallised from methanol as colourless needles,

m.pt. 163° . (Lit.,3° 1639).

Hexachlorobis(triethylarsine)trimercury. (EtBAs) (HgCl )

Triethyl arsine was slowly added to a stirred solution of a twofold
excess of mercuric chloride in water. A flocculent white precipitate
which was obtained, was filtered, and recrystallised from methanol as

colourless needles, m.pt. 114° . (¥ound: Hg, 51.6%. lZH As Cl H

I . PV 7N
eguires Hg, 519%.;.

H

tj

'fu- hioro—dichiorobi sgtrlgnenxlarglne1d1mercurx.lﬂAsPh )HgGlz}
A solution of triphenylarsine in hot ethanol was added to an

ethanolic solution containing one molar equivalent of mercuric chloride.

The white crystalline complex separated rapidly, m.pt. 258° ., (Lit,,38

251-2539),

Dichloro(l,2-diethylthicethane )mercury. (E+S+CH -)qH CL,.

The sulphide was added to a solution of one molar equivalent of
mercuric chloride in hot ethanol, and the mixture allowed to cool slowly.
The complex slowly crystallised as small white plates, m.pt. 97-98°
(Lit., %2 99-100°),

Bipyridylyldiphenylboronium trichloromercurate. (bipy BPhZ)HgClB.

An ethanol solution of 2,2;—bipyridylyldiphenylboronium chloride

ery
A

was added t0 a dilute ethanol solution containing one half a molar
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equivalent of mercuric chloride. The trichloromercurate was
precipitated immediately as a white powder, m.pt. 314°. The complex
was not recrystallised, but washed with much ethanol. (Found:

Hg, 31.8%. 022H18B013Hg requires Hg, 32:0%.).

Dibromo(tetramethylethylenediamine) mercury. (MezN-CHz-—)ZHgBr2

A two-fold excess of NNN'N’—tetramethylethylenediamine was added
to a warm concentrated solution of mercuric bromide in ethanol, The
mixture was allowed to cool to room temperature, and the complex
crystallised very slowly as colourless rosettes, m.pt. 165°. (Found:

Hg, 42°4%. CgH) Br Hgl, requires Hg, 42-1%.).

Dibromo(2, 2’ -bipyridyl) mercury. Bipy HgBrz.

The complex wes immedistely precipitated from a mixture of ethanoclic
solutions of mercuric bromide, and 2,2’-bipyridyl, as a cream coloured
powder, m.pt. 236-290° (decomp.). {Found: Hg, 39-0%, Cp oy Br JHel

requires Hg, 38-9%.).

Dibromo( 1,10-phenanthroline) mercury. 1,10-phenan HgBr2
On mixing ethanolic solutions of o-phenanthroline and mercuric

bromide, the complex precipitated immediately as a cream-coloured powder,

m.pt. 355-360°, (Found: Hg, 36+9%. ClZHSBrzﬂgNz requires Hg, 37:1%.).

Di-u-bromo-dibromobisg(dimethylphenylphosphine) diuercury. kPMeth)HgBrgz
/

Dimethylphenylphosphine was added to a dilute solution of an
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equivalent amount of mercuric bromide in ethanol. The solution was
maintained at room temperature, and the complex slowly crystallised,
m.pt. 159-163° (Lit.,52 133-135°.) (Found: Hg, 39-9%, CgHl,  Br,HgP

requires Hg, 40°2%.).

I-p_Me 2N . CéHly. PMe 2H.gc 12 n,

Solutions of equimolar amounts of mercuric bromide, and the
phosphine, in ethanol were mixed. A pale yellow precipitate was formed
immediately, and after filtration was recrystallised from a large volume

of acetone. m.pt. 200-202° (Lit.,03 201-204°),

Di?&—bromo—dibromobis(triphegylghoqphine) dimercury. [}PhBHgBrQZ

A solution of triphenyl phosphine, in éthanol, was added to a hot
ethanolic solution of an equimolar amount of wercuric bromide. Ths
complex rapidly separated as glistening white plateé, m.pt. 241-252°.

(Lit.,38 240-2500), .

6/
Dibromobis(triphenylphosphine) mercury . (PPh3)2HgBr2.

On mixing ethanol solutions containing the phosphine, and halide
in the stoicheiometric ratio of 2:1 the complex rapidly crystallised.

m.pt. 263° . (Lit.,% 253-2590),

Dibromo(l, 2-bisdiphenylphosphinoethane) merecury. (Pth-CHZ—)ZHgBr2

A solution of the chelating phosphine (2.0g.) in hot acetone was

added to a solution of mercuric bromide (1l.8g. 1 mole.), also in hot
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acetone (50mls.). The complex crystallised as the solution cooled to room
temperature. w.pt. 280-310° (decomp.) (Found: Hg, 26-0%

Coglyy BroHgP, requires Hg, 26-4%.).

Di-u=bromo-dibromobis{triphenylarsine) dimercury. 'ksPhBHgBrékz'
v L

Triphenylarsine, and an equimolar amount of mercuric bromide were
dissolved in hot ethanol. On cooling, the complex separated as

colourless plates, m.pt. 220-221° (Lit.,>° 2199),

Dibromo(l, 2-diethylthioethane) mercury. (EtS-CHz—)zHgBr2

The sulphide was added to an equimolar amount of mercuric bromide
dissolved in hot ethanol. On cooling the solution, the complex
quickly crystallised as colourless plates, m.ph. 110-111°, (Found:

Hg, 39-0%, CGHIABrZHgS2 regiires Hg, 39:3%.).

Bipyridylyldiphenylboronium tribromomercurate. (bipy Bth)HgBrB.

To an ethanol solution of mercuric bromide, was added an excess
of 2,2’-bipyridylyldiphenylboronium bromide, also dissolved in ethanol,
The tribromomercurate precipitated immediately, and was iasufficiently soluble
to purify by recrystallisation. m.pt. 275°, (Found: Hg, 26°+3%.

CogH1gBBrsHeN , requires Hg, 26+3%.).

Organo-mercuric halides.

Several of the organo-mercuric halides which were studied, were

already available in these laboratories, together with a number of
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bis-organo mercury compounds which were used as starting materials
for the halides.

65

Vinylmercuric chloride

The method used was similar to that previously described,65 except
that tetravinyl tin was used as vinylating agent instead of n-butyl
trivinyltin. A round bottomed flask (50ml.) containing ether (20mls.),
and tetravinyltin (1.67g., 0:00736 mole.) was fitted with a sintered
disc 3Soxhlst exciraciter, on op of whichh was a refliux. condenser.

Mercuric chloride (2:0g., 0.00732 moles,) was placed on the sintered
disc, and the ether mixture refluxed until all of the mercuric chloride
was extracted. The mixture was refluxed for a further hour, and finally
allowed to cool to room temperature. Vinyl mercuric chloride

crystallised as large white plates, m.pt. 181°. (Lit.,” 18509)

Vinyl mercuric bromide.

The bromo analogue was similarly prepared. Mercuric bromide
(2:0g., 0.0056 moles.) was extracted with a refluxing mixture of ether
(20mls.) and tetravinyltin (1¢26g., 0-0056 moles.). When all of the
mercuric bromide dissolved, the mixture was refluxed for a further
sixty minutes, and finally allowed to cool. Vinyl mercuric bromide

crystallised as large white plates, m.pt. 169-170°. (Li'b.,65 168-170°) .,

Phenyl mercuric chloride.

A solution of diphenylmercury (1l.25g., 0+0035 moles.) in acetone
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(25mls.) was quickly added to a stirred solution of mercuric chloride
(1-0g., 0.003% moles.) in the same solvent (25mls.). Phenyl mercuric
chloride crystallised rapidly as very small white plates, m.pt. 262°,

66

(Lit.,~ 261-2629),

Phenylmercuric bromide.

A solution containing diphenyl mercury (1.0g., 0.0028 moles.) and
mercurie bromide (3¢0g., 040084 moles.) in ethanol (50mls.), was
refluxed for thirty minutes, and finally allowed to cool to room
temperature. Phenylwercury bromide crystallised as large white satin

plates, m.pt. 277° (Lit.,66 276-277°).

p=-Tolylmercuric chloride .

67

The method used wag that of Whitmore ek al ~'. A mixture of
powdered mercuric chloride (30g., O+11l molss.), and water (100uls), was
heated in a large beaker, and a solution of sodium p-toluene sulphinate
(25g., 0¢140 moles), in boiling water (70mls.), carefully added to the
hot solution. A heavy white precipitate was formed, and sulphur
dioxide was evolved. When the effervescence had ceased, water (170mls.)
was added, and the mlxture boiled until evolution of sulphur dioxide had
ceaged. The hot mixture was filtered, and washed well with hot water,
the residue being dried at 110°, The p-tolylmercuric chloride was
recrystallised from boiling xylene as small white plates, m.pt. 243° .

6

(Lit.,%® 2390).
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p-Tolylmercuric bromide. &9

p-Bromotoluene (14+0g., 0.082 moles.) in ether (50mls.) was
slowly added to a suspension of magnesium turnings (1+2g., 0405 moles.)
in ether (25mls.). The reaction umixture was continuously stirred and
kept in an atmosphere of dry nitrogen. When reaction was complete,
powdered mercuric bromide (30g., 0+083 woles.) in ether suspension
was added, and the mixture refluxed for three hours. Hydrolysis
of the reaction'mixture with dilute hydrochloric acid, yislded a
solid which was washed with alcohol and ether. Finally, p-tolyl

mercuric bromide was recrystallised from benzene as fine, colourless

needles, mopt. 243-2%44°. (Lit., C 234-235°).

p-Chlorophenyl mercuric chloride.
Bis-p-ciilorophenyl mercury was refluxed in ethanol with a large
excess of silver acetate, for several hours. Addition of cone. HCl

yielded the chloride, which was recrystallised from ethanol. m.pt. 242°.

(Lit.,%8 2409).
Several attempts to prepare the bromide analogue resulted only

in isolating the bis-organo mercury compound.

p=(Trifluormethyl)phenyl mercuric chloride .

The compound crystallised wheﬁ?hot ethanolic solution containing
the bis-organo mercurial, and a large excess of mercuric chloride, was
alloved to cool, m.pt. 257°, (Found: Hg, 52-6. Cof, C1F,Hg requires

Hg, 5247%.).
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p=(Trifluoromethyl)phenyl mercuric bromide.

The bromide analogue was similary prepared, using a large excess
of mercuric bromide. m.pt. 254°. (Found: Hg, 47°1%. C7H4BrF3Hg
requires Hg, 47:0%.).

p=Dimethylaminophenyl mercuric chloride

A mixture of the bis-organo mercurial, and a large excess of
mercuric chloride in boiling ethanol, was allowed to cool to room
temperature. The organe mercury halides crystallised as cream—cocloured

J

plates. m.pt. 215-219%., (Found: Hg, 56-3%. CgH, (ClHeN requires

Hg’ 56'6%- ) .

p=Dimethylaminophenyl mercuric bromide.

The bromide analogue was similarly obtained as cream coloured
plates. m.pt. 195-200° , (found: Hg, 50-0%. CgH, BrHgN requires
Hg, 49+Th. ).

Phenylethynylmercuric chloride.66‘

This was prepared by cleaving bis-phenylethynylmercury (1Og.
0.025 mole.) with mercuric chloride (6+8g. 0:025 mole.)} in
tetrahydrofuran (125mls), which had previously been dried over lithium
aluminium hydride, After standing overnight, the solvent was femoved,
and benzene added. The pale yellow solid resulting was filtered off
and recrystallised from 2:1 benzene-dioxane mixture. The compound was

obtained as an off-white solid, m.pt. 270-272° , (Lit.,7l 268-270°),
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Trichloromethyl mercuric chloride, 72

Dry mercuric chloride (8-7g., 0:0322 mole.) and anhydrous sodium
trichloroacetate (5:9g,, 00321 mole.) were refluxed with anhydrous
ronoglyme (50mls.) for approximately one hour, in a three necked flask
fitted with stirrer and a condenser. During the first fifteen minutes
much carbon dioxide was evolved. After reaction had ceased the
mixture was poured into a large excess of water, and the heavy brown
il extracted with ether. After drying over anaydrous magnesium
sulphate the ether was removed, and the solid product recrystallised

from chloroform as fine white needles, m.pt. 187°. (Lit.,72 1939),

Trichloromethyl mercuric bromide.

| The bromide was similarly prepared using mercuric bromide
(12:0g., 0+033 mole.), and sodium trichioroacetate (6-2g., 0+033 mole,),
in monoglyme (50mls.). The product was recrystallised from chloroform

as snall colourless plates, m.pt. 157-158° (Lit.,72 160-161°),

Pentafluorophenyl mercuric chloride.

Bispentafluorophenyl mercury was boiled with an equimolar
amount of mercuric chloride in ethanol. After removal of the solvent
under reduced pressure the residue was recrystallised from carbon

tetrachloride as colourless plates, m.pt. 164-165°.  (Found: Gl1, 8+7;

F, 23-8%. CoClFsHg requires C1, 8.8; F, 23.6%.).
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DISCUSSION,




Data for thirteen complexes containing the ZnCl, group, and
eleven containing the ZnBr2 group are given in Table I, together with
data for Cszzn014 ’ Gszanr4 s and some boronium salts containing the

ZnCl, , v{Zn-Cl) is at 285 cm'l
1

anions (ZnXB)-, or (Zn2X6)2'. For Cs,
and 292 e+ , while for C§2ZnBr4 , v(Zn-Br) is observed at 203 cm~
and 207 em™T, Complexes containing the (ZnXA)z' anion would be
expected to give rise to only one infrared active vibration in the
region studied, namely the triply degenerate antisymmetric stretch
v3(f2), agsuning perfect tetrahedral symmetry. The appearance of two
bands in the spectrum of Cszanl4 has in fact already been considered
in terms of departure from exact tetrahedral symmetry in the crystalline

3

tate. The loss of degenaracy results in a splitting of the single

wn

absorption band due to metal-halogen stretching. As the complex
GSEZnBr4 has also been shown to have a distorted tetrahedral structure
in the crystalline state,27 the complexity of the band due to v(Zn-Br)

may be similarly explained.

TABLE I.

COMPLEX v(Zn-X)
Cszzn014 285sh, 292s
(NHB)zanl2 298s, 285s
(NHEt2)22n012 206s

Py22n012 3308, 297s
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TABLE 1 (Cont'd).

(MEZN-CHZ-)ZZnGlz 3348, 312s
BipyZnCL, 331s, 323sh
1,lO-PhenanZnCl2 3248, 3Lls
TerpyridylznCl, 288s, 279s
(PE‘c.B)‘?ZnCl2 2048, 277s
(PMezPh)ZZn012 3058, 283s
(p_MezN.06H4gPM32)2Zn012 305s, 289s
(PPh3)2an 2 322s; 299s
(P.hZ-CHz-)zznGlz 3155, 292s
(EtS+CH,=),ZnCl, 3458, 308s
(BipyBPh,)ZnCl, 334s, 30ls, 233s, 225s
Cszanr 4 223m, sh, 215s
(I\IHB)ZZ’.nBr2 210s (broad)

Py ,ZnBr, 257s, 222 (doubtful)
(I'-IeZN-CHQ-) 2ZnBr-2 263s, 233s
BipyZnBr, 263s, 256sh

1, 10~PhenanZnBr 2648, 232s

2

(PEt3)22n3r2 221s (broad)
(PMé 2Ph)2ZnBr2 239s, 209m
(p—MeZN-06H4-PMe2)2ZnBr2 230s, 198m

' (PPh3)2ZnBr2 235s, 202m
(PPhZ-CHZ-)2ZnBr2 243s, 209m
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TABLE 1 (Cont'd).

(EtS-CH2-)2ZnBr2 265s, 229m
(BipyBth)ZZnBr4 217m, 209s
(BipyBth)ZnBrB 253s, 209s

2

If in going from the symmetrical species ZnX[+ , to the neutral
complexes LoZnXs, (L is ligand), the ligands being regarded as
equivalent to single heavy nuclei, then the symmetry of the species
can essentially be regarded as being reduced from Ty to Coy. The
triply dezenerate vibrational mode vB(Ez) is therefore split into the
vibrations vj(a;), and v6(bl) of the latter symmetry group.73 Both
modes are infrared active, and correspond to the gymmetrical and
antisymmetrical stretching frequencies reagpectively. Twe bands due
to metal-halogen stretching vibrations were observed in the spectra
of all but three of the neutral complexes. The large variation of
the difference between the two bands is suprising, ranging from
33 em~L in the chlorides, and 36 en~t in the bromides, down to a single
strong broad band in three of the complexes. The broad bands
presurably contain the unresolved doublet.

It can be seen that there is relatively small change in v(Zn—X)
in passing from the anions ZnX<- ; L0 the neutral complexes

4

L2an2. For CSZZn014 , v(Zn~Cl) is at 285 cm'l and 292 cm"1 , and

is at similar frequencies for (EtAN)zanl4 and (PhBAsMe)ZZnCl4. 3 These
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are near the lower part of, but within the range 277-345 cm_l

11,12
obgerved for the neutral complexes. For some tin(IV) complexes, ’

v(Sn-Cl) is in much the same region for SnClg_ ions (310 cm'l), as for
l) l).

The metal-halogen stretching frequencies for some neutral complex of mickel

complexes py2Sn014 (324 em™), and bipySnCl4 (327 cm'l and 280 em~

halides are appreciably higher than in the. anion, e.g. v(Ni-Cl) in

1 1

(PMeB)zNiCl and (PPhMe2)2N1012 occurs at 403 cm™y and 404 cm”

2’

respectivel.y.7 The v{Ni-Cl) in (EtéN)zNiCla occurs =2t 286 om

For neutral zinc bromide complexes, v(Zn-Br) tends to be

significantly higher than in the complexes containing ZnBrE‘ ions.

L and 233 ent for CSZZnBrA’ but apart

from the complexes (NH3)2ZnBr2, and (EtBP)ZZnBrZ, the higher of the

Thus v(Zn-Br) occurs at 215 cm~

two frequenciss observed in the spectra of the neutral complexes was
in the range 230-265 cm‘l, the lower in the range 193-256 cm-l.
Vaadimd t2 3 : e . oa . _ . e
Woodward ~ has shown that for any isoelectronic series A&Z R
BYZ s GYA s the totally symmetric vibration vl(al) decreases from
C to &, e.g. ZnC1l%™ (280 em™l), GaClT (346 em~t )
y €efe 4 s GaCl, (346 cm ), and GeClA (396 em™™),
As might be expected, the higher the negative charge on an anion, the
more ionic become the bonds between the ligands and the central atom,
and the lower the stretching force constant. In view of this,

larger differences between v(Zn-X) in the ions ZnXi_, and in the neutral

complexes Lzzn}{2 may have been expected.
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The variation of the nature of the donor atom does not appear
to have a predictable effect on the metal-halogen stretching
frequencies, and the only correlation which can be made, is that
higher frequencies have a tendency to be associated with chelating
ligands. The terpyridyl complex is an exception in that v{Zn-Cl)
were very nearly the lowest observed. In view of the fact that the

31

zinc atom is five co-ordinate,”’— and the probability that the ZnCl

2

group carries a rather larger negative charge due to co-ordination

with three nitrogen atoms, the low values for v(Zn~-Cl) are not unexpected.
Indeed, it is surprising that the frequencies fall within the

range of tetrahedral complexes,

The boronium complexes are discugsed below, together with those

of cadmium, and mercury.

Cadmium

Date for the cadmium complexes are given in Table II. As
indicated earlier, octzhedral complexes of cadmium are very commonly
formed, and many compounds whose empirical formula might suggest four
co-ordination, in fact contain six co-ordinate cadmium. The infrared
spectra of those cadmium complexes which are known to have an
octahedral structure, evidently did not contain bands which could be
assigned to v(Cd-Cl). The absorption bands may be extremely weak,
and therefore not detectable, but it is more likely that they are at

1

frequencies lower than 200 cm — when the chlorine atom is in either
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a bridging or terminal position in an octahedral complex. Thus

no bands due to v(Cd-Cl) were observed in the spectra of (NH3)26d012,34

Py20d012,35 or NHACdOlB.33 These complexes &1l have polymeric
structures, the cadmium atom being in a distorted octehedral
environment. The octahedra are condensed into chains by sharing edges
through bridging chlorine atoms, Cadmium is also surrounded by six
chlorine atoms in the salts (NHA)ACdClé, and K,CdCl,, the octahedral
anions existing as discrete units in the crystalline sta'te.28 No

bands that could be due to v(Cd-Cl) were observed in the spectra of
these compounds. The band due to v(Cd-Cl) in (EtAN)zchl ’

4

presumably containing tetrahedral Gdle' anions, is at 260 cm—l; therefore,
it is perhaps not surprising that v(Cd-Cl) should be at less than 200 cm'l
for the octahedral anion CdClé_ o« The much bigger negative chorge

on the latter anion would be expected to render the cadmium chlorine

bonds much more ionic, and consequently lower the stretching force

constant.
TABLE IT.

COMPIEX v(Cd-X)
(Me2N~GH2-)20d012 228w, 222w
BipyCdCl, 228w
1,10-PhenanCdCl, R=7m, 213m
Terpyridy1lCdCl, . 269s, 2508
(BipyBPh2)0d013 271s, 224w

(PMezPh)CdClz ' 233s
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TABLE II (Cont'd)

p-MezN-06H4PMe20dCl2 2458
(PPh2-0H2—) odc1, 270s, 258sh
(EtS'CHZ-)ZCdClz 223u
(PPh2.0H2-=)2CdBr2 ~ 1958

In contrast, bands evidently due to cadmium-chlorine stretching
vibrations were observed in the spectra of all other complexes of
cadmium chloride examined. The bands varied in intensity to a much
greater extent than those of similar zinc complexes. No X-ray
structural data were available for any of the complexes listed in
Table 1I, except for the terpyridyl complex, which is isomorphous
with its trigonal biprismatic five co-ordinate zinc analogue.31 The

bands assigned as being due to v(Cd-Cl) are some 20-30 cm -1

lower than
those of the corresponding zinc complex, indiceting a greater degree
of ionic character of the cadmium-chlorine bonds. The same is also
true of the chelating phOSDhlne complex (PPh -CH -) tac1 o v(Ca-C1)
being some 30-45 em™l lower than v(Zn-Cl) in the zinc analogue. The
author feels that of the cadmium chloride complexes examined, with
the exception of the 1:1 halogen bridged dimers, the chelating
bisphosphine complex (PPh2.0H2-)20dCl2 is the only one to exist as
individual molecules in the crystalline state. The cadmium—~-chlorine

stretching frequency of the chelating bisphosphine complex is in the

same range as that found for (EtAN)zchlA’ and for the terpyridyl
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complex. The corresponding bromide (PPh 'CHZ-)zchr is probably

2 2
isostructurel, as only in this instance was an absorption observed
that could be due to v(Cd-Br); in all other cases v(Cd-Br) must be

well below 200 cm™L,

The low frequencies; and low intensities of the cadmium-chlorine
absorptions in other complexes which might appear from their empirical
formulae to contain tetrahedrally co-ordinated cadmium seem to indicate
that there may be interaction between the chlorine atoms of one unit
and the cadmium atom of another. This is equivalent to suggesting
that the complexes (ﬁezN-CHz-)ZCdClZ, bipdeClzy l,lO-phenanGdClz,
and (EtS+CH -)2Cd012,

reasonable in view of the known tendency of cadmiuw to be six co-ordinate.

have distorted octazhedral structures; this is

n

As indicated earlier, various cowplexes RBPGdqu(orIZ) have been
~

described which are dimeric in solution, and (Et.BPCdBr,))2 is dimeric
38 . .

in the solid state,” having a trans-halogen bridged structure.

(4]

Analogous cadmiur chloride complexes are not so readily prepared,
but the spectra of two such complexes examined, (PMeZPthClz)2 , and
(p-te 2l\l .C 6H 4 Plie 2CdCl 2) 2y8re con sistent with their having chlorine
bridged dimeric structures. The single strong band due to v(Cd-Cl)
is assumed as being associated with a stretching vibration 6f the
terminal cadwium-chlorine group. It is assumed that the vibrations

due to bridging cadmium-chlorine occur at frequencies less than 200 cm'l,
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and evidence in support of this is discussed below.
Klemperer74 has made a complete vibrational assignment for
Al,C1, (as gas), and although the comparison between A1l,C 1
is not strictly

22 2h)

correct due to fundamental vibrations having different synmetry, it

(symmetry V= Dzh)’ and L.Cd 014 ( symmetry G

is of value in that the infrared active stretching vibrations

-1 and 625 o , are much higher

involving terminal chlorines, 484 cm
than those involving bridging chlorines, 301 cm_l (calculated) and
420 cm-l. Similarly the Reman active terminal frequencies are higher
than the bridging frequencies.

It has been reported75 that the complex vanadyl chloride

anl2L (Lis 2,2 -blp ridyl), way be dimeric, having the trans-halogen

a 13 el o
bridged structure shown below.

1

\\\x; l'///' \\\\l ‘////’N
/l\ /n\N

It is suggested that the single strong bandA37l cm

0

-1 is due

to terminal v(V-Cl), and that the absorption due to bridging chlorines
do not occur at frequencies greater than 250 cm_l.

The infrered spectra of the trans-halogen bridged ethylene complex
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76

of palladium chloride (02H4PdCl )., has been reported. The terminal

212

-1 , and the strong band at 270 em™L is

v(Pd-Cl) is assigned at 350 cm
assigned as being due to the Pd-Cl-Pd stretching vibration.

Similarly, the terminal v(Pt-Cl) in the trans-halogen bridged
complex (EtBPPtClZ)2 has been assigned77 at 352 cm™t , and the bridging
v(Pt-C1l) at 265 em™L.

Finally, in complete contrast, Bennett and Clark78

presune little
difference between terminal and bridging vibrations in the transition
element carbonyl halides. The assignment of v(in-Br) in Mn(GO)sBr

is at 218 cm~1 , but in the dimeric halogen bridged compound
(Mn(CO)ABr)z, 7 g band at 215 em~L is assigned as being due to v(Mn-Br)

in the bridging position,

In view of the evidence given above vibratiocng due to brid

o

ing

m

halogens in the complexes studied are assumed to be at some value lower

1

than 200 em™; certainly, apart from the single band due to terminal

v(Cd-Cl), no other band that could be assigned to v(Cd-Cl) was observed.

Mercury.

Data for some neutral complexmsof mercuric halides L2HgX2 and
(LHgX2)2 are given in Table III, together with data for a boronium salt.

Por complexes which apparently exist in the crystalline state as
discrete tetrahedral species, two bands are nearly always observed, the

upper one being in the range 279-292 em™L , and the lower in the range
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249-279 em™!  For the complex bipyHgCl2, a strong broad band at

273 em~1 presumably contains the unresolved doublet, and for the complex
l,lO-phenaanClz, the lower frequency band could not be assigned as it
was obscured by ligand vibrations. The single band observed in the
spectre of the halogen bridged complexes occurs within the range

285-307 cm"l. For similar reasons to those discussed in connection
with the cadmiuvse complexes, it is assumed that the bridging Hg-Cl-Hg

stretching vibrations occur at frequencies of leczs than 200 cm

TABLE I1I.

COMPLEX v(Hg=X)
BipyHgCl, 273s (broad)
l,lO-Phenaan—Cl2 279s
.
L(PMezPh)Hgm;J 5 305s
| (p-tte '°6H4P""e2)Hg012] 2 3075
(P1>r13ch::L2 )o 289s
(1>th-(3112-)2(ch12)2 292s, 279s
(AsEtBHgClz)2 285s (broad)

(AsEtB)Z(HgClZ)3 342s, 2928 (broad)
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TABLE ITI (Cont'd)

(AsPhBHgClz)z 290s
(EtS‘CHz-)ZHgCl2 288s, 249m

z n 1\
(TeBu2 HgC...z,2 299s
(BipyBth)HgCIB 283s
{1 .
(% N-CH,-) JHebr,, 213s, 208sh
Bi_pyHg.Br2 Not observed
l,lO—PhenaanBr2 21ls, 205gh
kp-MezN-06H4-PMe2)HgBrél2 214s (broad)
(EtS-CHZ-)ZHgBrz 204s (broad)

sdhere a direct comparison can be nade, that is, when the metal
atons are in similar environments, it can be seen that v(Hg-Cl) is
lower than v(Zn-Cl), but slightly higher than v(Cd-Cl). For example,
for the chelating bisphosphine couplexes (PPh2°GH2')2MClz’ v(Zn~Cl) is
at 315 en™t end 292 em™Y, v(Cd-Cl) at 270 cm™T and 258 cm™Y, and v(Hg-C1)

at 292 cm~t and 279 cm_l.

The wercury-chlorine stretching frequencies in the neutral complexes

are siwilar to those for the anion HgCli- , the symmetrical,18 and

antisymmetrical 6 stretcining frequencies of that anion occurring at
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1

269 cm™ "~ and 276 S respectively. In the complex (EtAN)ZCdCl ’

v(Cd~Cl) occurs at 260 cm-l, > this is in agreement with the present

authors observations that v(Hg-Cl) tends to occur at higher frequencies
than v(Cd-Cl1).

Where observed, the mercury-bromine stretching frequencies were
near the limit of the spectrometer, and were not observed for bipyHgBrz,
(PPhB)ZHgBr2, (PPhBHgBrz)z, (AsPh3HgBr2)2, (EtBP)ZHgBrz, and
(PPh2-0H2—)2HgBr2.

As indicated above, the single band in the spectra of the dimeric

halogen bridged cowplexes (LHgX2)2 is assigned to terwinal v(Hg-Cl),

bridging vibrations not being observed. The comiplex (AsEtB)é (Hg012)3

fits this pattern if it has a structure similer to that of the bromide

{4sEL

LLgur2)3, which is a wmolecular lattice compound of HgBr,, and
"~

(AsEtBHgBrz)z molecules. 38  The band at 342 em~t evidently is due
to the antisymmetrical stretching vibration of the Hg012 molecule, and
that at 292 en™l, to the terminal Hg-Cl in the dimer.

The 1,2 -bisdiphenylphosphinoethane complexes were found to be
unusual, in that although a complex (PPhZ-GHz—)ZHgBr2 was prepared,
attempts to prepare ‘the analogous chloride yilelded the complex
(Pth-CHZ-)z(HgCl2)2. No bsnd due to v(Hg-Br) was observed in the
spectrum of the bromide, but bands due to v(Hg-Cl) were observed at

292 cm—l and 279 cm"l in the spectrum of the chloride. Apart from a
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band at 350 em™L the spectrum was entirely consistent with the
symmetrical and antisymnetrical stretching frequencies of the more
orthodox tetrahedral 1l:1 complex (PPh2-0H2-)2Hg012. A band in the region

of 350 cm-l

is found in the spectra of all couplexes containing this
ligand, although usually it is congiderably weaker. In this instance

it could possibly coincide with the antisymmetrical stretching absorption
of free Hg012 units (cowpare v(Hg-Cl) at 342 el for HgCl, in the
triethylarsine complex discussed above), and if so, then the complex

must be a molecular aggragate of HgCl, and (PPh CH -) HgCl2 molecules.

2

The halogen-bridged complexes with dimethylphenylphosphine call
for comwent. Tiwo compounds with alwost identical mercury contents
corresponding to the formula (PMezPhHgClZ)z,were found to have guite
N

different infrared spectra in the 450-200 cm — regiou. Tha complsx

o

which was prepesred by the present author gave a siuple spectrum with

-1

8 single strong band at 305 cm™~, which was assigned as being due to

m

the terminal v(Hg-Cl) of the bridged dier. The second couplex,
wirtich had been prepared in the laboratories a long while previous to
the present investigation, gave a spectrum consisting of several weak

bands, and two strong bands evidently due to v(Hg-Cl) at 317 em™L and

289 cm_l. The spectrum of the brono-complex (PMezPhPHgBrz), prepared

during the present investigation was found to have several weak bands

identical in position to the second chloro-complex, and a band of
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1 1 1

medimn intensity at 224 em —, the strong bands at 317 em™ — and 239 cm™
being absent. The infrared spectra of the co.plexes in the 2000-400 cm_1
region were found to be identical, and the only reason which can be put
forward to explain the obvious structural differences, is that both
cis, and trans-isomers of the halogen bridged dimeric complex were
obtained. The two bands due to terminal v(Hg-Cl) wonld be consistent
with the cis-isomer, while the single band at 305 cm-l is presumably
due to the terminal v(Hg-Cl) in the trans-complex.

which could be

The only bands in the spectruuw of (PPhB) gCl

ZH 2
attributed to v(Hg-Cl) were two broad bands of low intensity at 236 cm-l
and 221 cm_l, which were absent from the spectrum of the bromo-analogue.
The frequencies are much lower than expected for terwinal v(Hg-Cl) in
a complex containing tetrahedrally co-ordinated mercury. The structure
of the complex has not been elucidated but on the basis of the infrared
spectrum it is concluded that there is some interaction between the
separate molecular species resulting in a sahift in v(Hg-Cl) of
50-60 em L,

Thé oistriethuylphogphine complex (PEt3)2HgClz, was found to have
an infrared spectrumw identical to that of the bromide, apart from a

very weak broad band at 279 cm_l . This is not characteristic of a

-+

covalent tetrahsdral complex; and the infrared evidence prompts the
author to sugzest the possibility of an ionic structure, e.g.

(Hg(PEt3)2)2+ZCl- . Evidence in support of this is that the complexes
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dissolve in water without smell of free phosphine, and addition of

silver nitrate to the aqueous solution results in the immediate

precipitation of the silver halide. Alternatively, the complex

could contain octahedrally co-ordinated wercury in a polymeric structure

having halogen bridges between mercury atoi:s, and phosphorus atoms

at the apeces of the octahedra. Such a structure could apply equally

as well to the triphenylphosphine complax discussed above, The

exsistence of such structures for neutral co-ordination complexes

of mercuric chloride has been demonstrated by X-ray diffraction

methods,7l e.g. the 1:1 complex of mercuric chloride with thiophen has

been shown to contain distorted octahedrally co-ordinated mercury,

and the structure is best described as being composed of

Cl-Hg—SCABS* ions and C1™ ions coupled together to form infinite chains.
The spectrum of the bispyridine complex PYZHgGl2 in the 450-200 c.m"l

region was particularly interesting, since apart from a single band at

413 cm—l vhere co-ordinated pyridine commonly absorbs,80 no band

. . e e oa . 31
was obsgerved. This is in fact contradictory to a recent report

that the specirum of thnis complex contains a band at 292 cm-l.
~ . - 82 . v s
Grdenic et al have carried out an {-ray structural analysis on
this complex and have reported that the mercury atom has two chlorine
. O ]

atoms at 2-348, two nitrogen atoms at 2:60, and two more chlorine

o
atoms at 3-25A. The authors regard the structure as containing discrete

Hg012 molecules with pyridine of crystallisation held together by

longer Hg.....Cl contacts. 1In order to confirm this interpretation,
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several complexes known to contain virtually two co-ordinate mercury
in HgCl2 units were examined, including mercuric chloride itself.
Crystalline mercuric chloride was found to absorb at 375 cm"1 , in close

agreement with a previously reported value,77 374 cm'l . The metal is

o
virtually two co-ordinate 83 having two chlorines at 2+¢25A,two at

o o
334A, and two more at 3°63A. It may be mentioned here that the

environment of mercury in crystalline mercuric bromide is rather

similar 64, and the antisymmetrical stretching frequency was found to

occur at 249 cm-l, in good agreement with a previously reported value,77

251 cm'l.

In the complex CngClB, the mercury atom is octahedrally

o) o
surrounded 39 heving two chlorines at 2¢294, and four at 2-704; a

"
strong bend was ohserved at 320 em™t, and one of medium intensity at

284 cm~l  The appearance of two bands in the specirum is surprising,

and would seem to indicate non-linearity of' the Hgll_  molecules,thus

2
giving rise to a symmetrical and antisymmetrical stretching frequency.

An unresolved broad band centred at 304 cm"l

39

was obsgerved for
KoHgCl ,H20 which has a similar structure, with two chlorines at

[o] o] fo)
2294, two at 2924, and two more at 3+13A. The spectrum of

0
NHAﬂgClB, in which the metal has two chlorines at 2344, and four at

o 40 -
2964, N was similar with an unresolved broad band centred at 309 cm l.

Thus the description by Grdenic of the structure of pyzHgCl2 does

not seem consistent with the absence of infrared bands in the 300 cm'1
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region. On the other hand Dunitz 85

concludes that the complex is
isomorphous with its Cu(Il) analogue in which the copper atom is in a
distorted octahedral environment. The infrared result provides
evidence that all of the chlorines in the mercury complex should be
regarded as being in bridging rather than in terminal positions, thus
supporting the view that the complex is a polymer held together by
bridging chlorine rather as in py,CuCl, and ¢x-py200012-

A trigonal oxonium complex (O(HgCl)3)+Cl- gave a spectrum having
a complex band due to v(Hg-Cl) namely, 350 cm'l(s), 344, cm_l(s), and
328 cm'l(sh). This may be due to the loss of degeneracy of the

v(Hg-Cl), since the cation containing the trigonally co-ordinated

oxygen 1is non—planar.86

Organomercuric halides.

The spectra of alkyl- and aryl- mercury halldes all contain, as
expected, a single band due to mercury-halogen sﬁretchingﬁ The band
is always strong in the spectra of the chlorides, and considerably
weaker in those of the bromides. The frequencies (Table IV) are in
the region between those found in the spectra of tetrahedral complexes

and those of Hg012 and HgBrz.



TABLE IV
HALIDE v(Hg-C1) HALIDE v(Hg-Br)

Hg012 375s HgBr2 29s
MeHgCl 315s MeHgBr PAVAY
EtHgCl 31l4s EtHgBr 209w
PritHzCl 322s PriHgBr PAVAY
BuPMHgCl 316s BuHgBr 2/4,6m
CH,+ CH*HgCl 323s CHZ:CH'HgBr 216m
PnC3CeHgCL 345s

CCl3HgCl 3358 CClB=HgBr 238s
PhHgC1 331s PhHgBr 214m
p-CH3-06H4°Hg01 325s p-CH3-06H4-HgBr 2/,6m
p-CF 5+ Gl *HgC1 328 p-CF;+CgH, *HgBr 230m
p—Cli06H4'HgCl 330s

p-MGZN'06H4’Hg01 323s p—MezN'CéHA-HgBr 233m

The mercury-chlorine stretching frequencies fall within the range
314-345 cm_l , and there is no apparent relation to the nature of the
organic group, apart from the fact that the aryl derivatives are in
the upper half of the range (323-345 cm'l), whereas with the exception
of trichloromethyl mercuric chloride (335 cm-l), the alkyls are in the

lower half (314~323 cm'l). Mercury-bromine stretching frequencies very
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rather more, 209-246 o™t , the high values of v(Hg-Br) in n-butyl-
and p-tolyl- mercuric bromides are remarkable being nearly the same as in
mercuric bromide.
. . 87 ) 88
Results relating to some trifluoromethyl  and pentafluorophenyl

mercury compounds are given in Table V,

TABLE V.
Compound v(Hg~CF. ) v(Hg-X) 96F5 vibrations
-ompound 3 AN ] &5 ——
CFBHgCl 252m 339vs, 3277 -
CFBHgBr R70s 233m -
CFBHgI 255s -
OgF SHete - 549w 221m, 278m, 310m, 3585
36F5chl - 342..5 2301'", 31’:—-’1‘"’" 3[:’253 3795
CéFSHgBr - 2468 223s, 281w, 310m, 360s
(Cer)ZHg - - 226sh, 231s, 279s,310s,357s, 368s,

375sh

The mercury-halogen stretching frequencies are within the ranges
given above, although in the higher regions.

The trifluoromethyl- mercury stretching frequencies v(Hg-CFB) are
in the same range as previously reported values. Downs89 has made a
complete vibrational assignment of bis~trifluoromethyl mercury, and assigns

1

the symmetrical v(Hg-CFB) at 226 cm™—, the antisymmetrical v(Hg-CFB) being
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assigned at 274 cn~t .

The spectra of the pentafluorophenyl mercury compounds all contain
a characteristic band pattern due to the CgFs group, that of (G6F5)2Hg
differing only in that the lowest frequency band is split into two, and

the 360 em™L band is split into three components.

Bipyridylyldiphenylboronium galts.
Since other work on these was in progress in the laboratory, the
following salts were prepared containing the large cation, and zinc,

- - 2 —
cadmium, and mercury halogeno-anions: B+ZnCl3 , B ZnBr , 32 ZnBrz ’

3

+ - - + - + -
B'cdcl,” , B+CdBr3 , BHgCL ™ , and B Hgbr, (B is ‘oipyBPh2). Only

in one instance could a salt be prepared containing the tetrahedral

HXZ- anion, namely B§+ZnBr4. The zinc-bromine stretching frequencies

. =L -1 . . s .
at 217 em 7 and 209 om ~ are quite close to those in the caesium complex

Cszanr4 (223 and 215 cm_l). The complexity of the band is indicative

¢t

of a distorted tetrehedral arrangement within the anion., The salts of

. L
empirical formula B MX3 could contain three co-ordinate anions, or more
probably binuclear anions such as Zn0162' containing two bridging halogen

atoms, The four strong bands evidently due to v(Zn-Cl) at 334, 301, 238,

1

and 225 cm — observed in the spectrum of the complex BZnCl, are difficult

3

to reconcile with the presence of a mononuclear anion. The present
author suggests that the bands at 334 and 301 cm'l are associated with

terminal v(2n-Cl), and the lower frequency bands with bridging chlorine.

1

In the spectrum of the bromide BZnBr,, the bands at 253 and 209 cm™

3
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would be due to terminal v(Zn-Br), and the bridging modes would be

expected to be well below 200 em™L.  For the cadmium complex the

- -1
bands at 271 cm 1 and 224 cm may be explained on the same basis, but

1

the single band at 283 em — in the spectrum of the mercury complex is

surprising. However, in view of the fact that in the complex

+ -
(NMGA) HgBr3 , the mercury atom is trigonally co-ordinated in discrete

HgBr ~ anions,42 than the single band in the spectrum of B+Hg01 T may

3 3

be due to the antisymmetrical stretching vibration of a planar

HgClB' anion,
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PART II

INTRODUGCTION

The work described in Part II of this thesis is concerned with
the chemistry of organo-zinc compounds. In particular it is concerned
with the nature of the zinc-containing products obtained by reactions
of organo-zinc compounds of the type RoZn, with 'weak acids'.  The
term ‘'weak acid' , as well as including commonly recognized weak acids
such as carboxylic and phosphinic acids also includes organic gompdunds
in which the protonic character of a hydrogen atom is sufficiently

L
enhanced to cause cleavage of

(6
3
.
3
Q

1c—carbon bond. The general reaction
may be represented thus,
RZZn + HA —> RH + RZnA.

In many cases the reaction between the-products(much of the interest
in which lies in the possibility of their containing co-ordinatively
unsaturated zinc), and a strong donor ligand, e.g. a tertiary base, has
also been investigated.

An investigation of the reaction of organo-zinc compounds with
several unsaturated systems has been included in the present study with
a view to isolating the zinc analogues of Grignard intermediates.

The relevant data are included in the introduction together with a
concise account of the preparation and properties of organo-zinc

compounds, and a discussion of the coordination chemistry of zinc and

some other Group I1 organo-metallic compounds.
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Preparative methods for organo-zinc compounds.

Nearly all organo-zinc compounds are rapidly decomposed by
oxygen and moisture, the lower alkyls being spontaneously inflammabls
in air, Complete oxygen and moisture-free conditions must therefore
be employed during their preparation, and during any subsequent
manipulation of the pure compounds.

Zinc dialkyls were first prepared by Frankland . in 1853, by
heating methyl iodide and zinc metal in a sealed tube. This original
method still forms the basis for the very convenient preparation of zinc

2

alkyl zinc iodides —, the latter

[t

alkyls by thermal disproportionstion

(@]

being obtained by direct reaction between alkyl iodides, or mixtures

of bromides and iodides, and a zinc-copper couple, e.g

-
Zn + EtI —— EtZnl
ZEtZnl ——> EtZZn + Zn12
The reactiong are carried out in an inert atmosphere of nitrogen
(carbon dioxide was used in the earliest work), without isolation of
the organo-zinc halides which normally appear as white crystalline
substances. The formation of alkyl zinc iodides usually requires a
period of refluxing before reaction starts, but several authors 3,4
have recently shown that alkyl iodides react spontaneously and vigorously
with zinc dust in solvents such as 1;2 - dimethoxyethane, dimethyl
sulphoxide, and dimethylformamide, giving good yields of the solvated

species.
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Improvementson the original method of Frankland have mainly
concerned the use of suitable zinc-copper alloys,2 or special methods
for the preparation of the zinc-copper couple (e.g. from zinc dust and

cupric citrate5.).

Zinc alkyls have been obtained in high yield by the reaction of
trialkyl aluminium or alkyl aluminium sesquihalides with zinc halides,
either alone or in the presence of an inert solvent.6’7’8’9

Solutions of di-alkyl and di-arylzinc, and of organo-zinc halides
in ether may ve obtained by addition of anhydrous zinc chloride in ether,
to a Grignard solution:

ZnCl2 + RigX —> RZnCl + MgXCl
Excess of Grignard reagent gives the dialkyl (or aryl) derivatives, and
the more iolatile products may be distilled from the reaction mixture,lo
although difficulty has apparently been experienced in obtaining
dimethylzinc entirely ether-free by distillation from ethereal solutions.ll
A successful separation will obviously depend to a large extent on the
choice of ether.

Small quantities of organo-zinc compounds, particularly the lower
alkyls, can be prepared conveniently by metal exchange reactions involving
the use of mercury alkyls. The latter reagents are easily prepared,
and have the advantage that they are unaffected by both oxygen and

moisture due to the relatively low affinity of oxygeh for mercury. The

diaryls of zinc may be obtained by this method, the reaction being



_4_
éarried out in boiling xylene solut.ion.13 More recently 14,15
good yields of zinc di-aryls have been obtained from anhydrous zinc
chloride and the appropriate lithium reagent in ether solution.

A series of unsymmetrical zinc alkyls of the type RZnR  have been
prepared by the reaction of a Grighard reagent with an alkyl zinc halide.
These compounds can be distilled only under reduced pressure, and they
disproportionate into the symmetrical alkyls even on standing at room

16

temperature,

Properties of organo derivatives of other elements of Group IT.
The.physical and chemical properties of organo-metallic@ compounds
are determined by the polarity of the M - C bond, the theoretical extreme
being an ionic lattice of cations, and carbanions. Thus the organo
derivatives of sodium and heavier alksli metals are non - volatile solids,
and are insgoluble in hydrocarbon soclvents. Their intense chemical
reactivity may be ascribed to the presence of carbanions., Methyl - ,
‘and ethyl-lithium are involatile solids, but the latter is soluble in
saturated hydrocarbons. 10 The crystal structures of both these
compounds have recently been determined by X-ray analysis, methyl-lithiuml5
having eight monomer units in the unit cell, associated as tetramers.

Ethyl-lithium 1°

has sixteen monomer units in the unit cell, and these
are also assoclated as tetramers though in a more complicated way.

Systems of electron deficient bonding have been discussed for both

structures. The difference in structure between organo-lithium, and
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organo-sodium compounds is due to the small size and high polarising _
power of the lithium ion, and is even more marked when large polarisable
organic radicals are considered, e.g. n - butyl lithium is a colourless
liquid soluble in paraffin solvents, and is presumebly largely covalent.

In Group II the gradation in physical and chemical properties is
much more marked, and a transition from saline to completely covalent
character is observed. The trend parallels the change in
e;ectronegativity of the elements.
studied, tut where they have been isolated they have been found to be
extremely reactive, undergoing metallation reactions, and adding to
ethylenic double bonds.l'7 They appear to be rather similar to the
alkali metal alkyls, and are presumably of similar constitution,

The alkyls of beryllium and magnesium are essentially covelent, and
are highly reactive resembling organo-lithium reagents in many respects.
The neutral metal atoms having an outer electronic configuration ns2
have more low energy orbitals than valence electrons, and when combined
with atoms or groups containing no unshaired pairs, delocalisation of
bonding can occur so as to make use of all of the low energy bonding
orbitals of the metal atom. Such is the case for the organo-beryllium
and organo-ﬁagnesium compounds, both of the methyl compounds being golids
of low volatility, X-Ray diffraction methods have shown that both

8 1
dimethylberyllium,l and dimethylmagnesium ? exist in the solid state
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&4s linear polymers, the metal atoms being connected by pairs of methyl -
bridges with an almost tetrahedral arrangement of four methyl groups
around each metal atom. A comparison of bond distances indicates that
in the latter compounds the bonds are stronger, and this probably explains
the lower volatility of the magnesium compound. Diethylmagnesium and
higher homologues are also white solids, and apparently non-volatile,
whereas the higher homologues of beryllium are presumably of more covalent
character, e,g. diethylberyllium 2L is a liquid, easily soluble in benzene,
although the low vapour pressure does indicate association

{
\

4 Oy
Ve jUe /

¢a. O0¢4 mm. is 90-95

a,
—

. Di-tert-butylberyllium 1is considerably
more volatile and is assumed to be monomeric. The apparently more covalent
nature of the beryllium alkyls is due beyond reasonable doubt to the
greater electronegativity of the beryllium atom relative to the
magnesiuﬁ atom,

Both series of organo-metallic compounds are extremely reactive,
being hydrolysed with explosive violence, and igniting spontaneously in
air, The methyl derivatives have been reported to ignite in carbon
dioxide.lo The reactions of di-alkyl and di-arylmagnegium compounds are
typified by those of the Grignard reagents, 23 and it is probably
due to the easy preparation of the latter thet the chemistry of the
magnesium dialkyls and diaryls has been little studied,

Dimethylberyllium undergoes several reactions typical of Grignard reagents,

e.g. with benzophenone, diphenylmethylcarbinol is formed,24 and with
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phenylisocyanate, acetanilide is obtained 25(after hydrolysis), but it
appears to be somewhat less reactive than dimethylmagnesium cr methyl-
magnesiwe halides.,

The large increase in electronegativity in going from the typical
elements to those of the B sub-group, is reflected in the properties of
their organic derivatives. Thus zinc, cadmiuwm, and mercury all form covalent
organo derivatives, the alkyls being volatile liquids, easily soluble in
paraffin solvents, and monomeric in liquid and vapour phases. The
bonding in these types ot molecules is generally described in terms of

Tnormal!

1 n sp hge on +h o~r - - .

n, the C-#-C axis being linear. The reactivity
of the compounds show a marked decrease with increasing atomic weight,
e.g. the lower zinc alkyls ignite spontaneously in air, cadmium alkyls
smoke, and are not ag vigorously hydrolysed. ' The mercury alkyls are
unaifected by both oxyzen and moigture, and are stable even towards dilute

aqueous acids. This change in reactivity is not necesgsarily a measure
of the wetal-carbon bond strength, but is due more to s decrease in affinity
of the metal atom for oxygen. However, bond dissociation energies have
been measured by a study of the behaviour of the methyl derivatives on

. 26 .
pyrolysis. For the reaction:

He 2’1‘-«i — e + MelM

the values obtained were: le lg (50 Kcals/mole.),MeQCd(46 Kecals/mole), and

Mezzn(47 Kcals/mole). Spectroscopic evidence =7 also indicates the above

order, e.g. from an infrared study of the dimethyl derivatives, the



.
stretching force constants of the M-C bonds were calculated to be:
Hg-C,2-45xlO5 dynes/cn., Cd-C,2-O5x105 dynes/cm; Zn—C,2-39xlO5 dynes/cm.,

As expected, the zinec, cadmium and mercury alkyls are not as reactive
as organo- magnesium or beryllium compounds, a fact which resulted in the
chemistry of zinc alkyls not being as fully developed as might have been
expected for compounds which have been Iknown for more than one hundred years.

The development of the much wmore reactive and more readily prepared

Grignard reagents resulted in orgeno-zinc compounds being almost entire

kY

~ o et T
replaced =s synthe

nbs.  However, zinc aikyls are somebimes
preferred when a Grignard reagent is too reactive, e.g. for the synthesis
of ketones from acid chlorides. The Grignard reagent in this case reacts

further with the ketone, the final product being a tertiary alcohol,

Organo-zinc compounds are generally thought to be unaffected by

- £

light. fowever, higher alkyls of zinc have been observed slowly to

deposit black precipitates of zinc after several weeks even when stored

. 1 B . PR s A s .
in sealed awpoules, With the exception of the methyl derivatives,

w

organo-cadmium and organo-mercury compounds are zgenerally Llizht sengitive.

Propertieg of some organo-zinc compounds.

Dimethylzinc

This is colourless liquid at room temperature which can be distilled

. . s o .
at atmospheric pressure without decomposition at 44~, and which freezes

o 29

at -29°. The variation of vapour pressure with temperature between

—6°2° and 16+6° is given by:BO
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logigp = -_l_%§9+7-52

The latent heat of evaporation is gziven as 6,840 cals/mole, and the Trouton
constant as 21+, An X-ray diffraction study of solid dimethylzinc 31
has shown that within the tetragonal crystals, the Zn-C distances in the
monomers are l-94§= Thig is shorter than the sum of the two covalent
radii, 2-022., suggesting that apparently vacant valence orbitals allow
some multiple bond character in the Zn-C bonds by a hyperconjugation

effect.

Diethylzinc

The liquid can be distilled unchanged at atmospheric pressure at 117-60,

and it freezes at —300 « The variastion of vapour pressure between 17-2°

and 79°8° can be expressed by:)u

loglop = = 1910 + 7+595
T

The latent heat of evaporation is given as 3,780 ©als/mole, and the
Trouton constant as 22°2, Diethylzinc has a specific conductivity of

221;10—ll ohms-lcm—l at 20°,  Although itself non-polar it is reported to

29

have a solvent character intermediate between ionizing and non-polar solvents.

Di-n-propylzinc.

The liquid freezes at —810, and on attempted distillation begins
to decompose at 70°.  The extrapolated b.pt. is given as 139'4.0 29

Diphenylzine.

Like all of the aryl derivatives, this is a crystalline solid,
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mepte 105° | It can be distilled with only slight decomposition at

280-285° . 22

The co-ordination chemigtry of Group II organo-metallic compounds.

Beryllium and magnesium,

The co-ordination chemistry of organo-derivatives of calcium,
strontium, and barium has not been studied, whereas that of the
Group IIB elements has been investigated in much more detail. The
nethyl derivatives of beryllium and magnesium, being electron deficient,
would be expected to form electron donor-acceptor complexes readily
thus relieving the electron deficiency. Only molecules with
relatively strong donor properties combine with these molecules, since
the heat of co-ordination nust exceed the heat of polymerisation.
Dinethylmagnesium is apparently a more strongly bound polymer than
. 20
dimethylberyliium, since the former is only slightly soluble in ether
whereas the latter is easily soluble. The chemical evidence has
found support in the recent {-ray structural enalysis of
divethylmagne siun, D An unstable crystalline mono-ether complex of
diethylmagnesium has been reported, 32 and vapour pressure meagsurements
of some solutions of diethyl- and dipropylmagnesiun in ether -
tetrahydrofuran mixtures show that an equilibrium exsists in solution:33
RZHg.Et2O + THF = R2Mg-THF + Et20.

Dimethylmagnesium reversibly absorbs trimethylamine, 10 and some

volatile chelate complexes of RzMg with NNN'N'tetramethyl—ethylenediamine
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(R = Et, Pr, Prl and Bu") have recently been described. 34 The

tetramethylethylenediamine complexes of dimethyl- and diphenylmagnesium

are also described as crystalline solids, as are the 1,2-dimethoxyethane
complexes, and.a bis-tetrahydrofuran complex of diphenylmagnesium. 35
Finally, diphenylmagnesium reacts reversibly in ether solution with
phenyl-lithium, and a crystalline anionic complex Li(MgPhB) can be

obtéined by addition of xylene. 36

As indicated above, dimethylberylliwe is easily soluble in

ether oresunably due to co-ordination, and a series of unstable complexes

with diiethyl ether have been detected by vapour pressure measurements. 37
The same authors found thst when dimethylberyllium was heated in a

closed system with the stronger donor, trimethylphosphine, increase in

temperature brought about & succession of phase changes, and vapour

o)

ressure messurements indicated a considerable range of compounds

(Me Be)x (PMeB)y s, each one being stable over a range of temperature

and pressure. It was concluded that in this particular system the

heat of co-ordination was comparable with the heat of polymerisation

and that the ligand was acting as a polymer chain-stopper. With
trimethylamine, a low melting solid 1:1 adduct is formed, this is
monomeric in the vapour phase, and stable to 180°, At low

temperatures the formation of 2:3 complex (MezBe)z(N'i-erB)3 is reported

to occur, 31 Crystaliine, presumably chelate complexes of
dimethylberyllium with 1, 2-dimethoxyethane, and tetramethylethylenediamine

have been described, as well as a series of coloured complexes with
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2;2,—bipyridyl, bipy BeR,.  The colour was found to depend on the
electronegativity of the group R, and was ascribed to an electron transfer
from one of the Be -~ R bonds into the lowest unoccupied orbital of
2,2’-bipyridyl. The dark green complex bipyo,Be is thought, on the
evidence of magnetic moment measurements, to be represented by the

equilibrium:38

(bipyz Be?' ) = (bipy” bipy® Be”).
The presence of two unpaired electrons has been confirmed by electron
spin resonance spectra;ssa inioric complexes of organc- beryllium
compounds have also been reported, e.g. LiBePhB,36 and NaBéEt.ZH.B9

The latter complex crystallises from ether with one mole of solvent,

which is associated with the sodium cations.40

Mercury.

The organo devivatives of the remaining elements of Group II
might be expected to be poor acceptors due to the higher electronegativities,
and consequent reduction in the polarity of the M - C bond. This is
particularly true in the case of mercury, e.g. mercury alkyls and
aryls can be recovered unchanged from solutions containing pyridine,
and ethylenediamine,l+l and dimethylmercury can be recovered
unchanged from 2,2'-bipyridyl.38 The dipole moment of diphenylmercury
is very low in dioxan, indicating that the linear C-Hg-C bond
undergoes little, or no readjustment to a tetrahedral configuration.42

When the electronegativity of the alkyl group is increased, e.g. by
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fluorination, then stable neutral complexes are formed. Bis-
pentafluorophenylmercury forms stable l:l complexes with 2,2/-bipyridyl

43 44,

and 1, 2-bis{diphenylphosphine)-ethane, and several other donors.
Bis-trichloromethyluercury also forms a stable 1l:1 complex with

;. , . 5
2,2 =bipyridyl, the adduct being a well defined crystalline sol:'Ld.4

Cadmium
Cadmium alkyls and aryls form neutral co-ordingtion complexes, some
of which are not particularly stabls. A number of colourless,

crystalline 1:1 cowplexes of di-arylcadmium compounds with 1,4-dioxan

¥4
have been described. &~

The complexes lose dioxan when they are
v . . o (o) . . . .
heated to approximately 80-100",  Similar complexes of mixed cadmium

; 4 . 4 . 47
aryls ArCdAr , have been described (Ar = phenyl, Ar = 2-thienyl).

7 /
Crystalline complexes of dimethylcadmium with 1,/-dioxan, N,N,N, N -
.
tetramethylethylenediamine, 2,2 ~bipyridyl, and 1,10-phenanthroline
are reported to be quite stable thermodynamically, whereas 1l:1 complexes
formed with unidonor molecules like tetrahydrofuran or pyridine, are
liquids which readily dissociate at room temperature, and in benzene
solution. 48 In contrast To the above, the yellow complex formed
/
from dimethylcadmium and 2,2 -bipyridyl is said to be unstable, having
38

an appreciable dissociation pressure at room temperature. Anionic
complexes of organo-cadmium compounds are known, e.g. diphenylcadmium

and phenyl-lithium are reported to react reversibly in ether solution,

an unsolvated crystalline complex LiCdPh3 being obtained on addition of
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Xylene.

49

described,

N
5.

A complex cadmium acetylide, K, Cd(C=CH)

has also been.

4

The co~ordination chemistry of organo-zinc compounds was until quite

recently confined to complexes in which the organo-zinc moiety appeared

as part of a complex anion,

. . 50
in 1858 when Wanklyn
sodium metal and diethylzinc.

triethylzincate, NaZnEt Since then

3.
have been reported in the literature,
not described in detail. The complex
prepared by dissolving ethyl sodium in

excess of the latter. The complex is

benzene, and the anthors suggest that it is

dimeric formula (NaEt-ZnEtz)p. 51

Support

This type of complex was first reported
obtained a low melting crystalline solid from

The analyses correspond to sodium

various anionic organo-zinc complexes
although several of these were

mentioned above has als¢ been

‘diethylzinc, and removing the

said to be a agsociated in
best represented by the

for this formulation has

been found in a dipole moment study, the conclusion of which is that the

. N . 2~ . . .
complex contains the dimeric anion anEté s in which each zinc atom is

52
tetrahedrally surrounded by an ethyl group.

RbZnEt
Zn 3

crystalline solid m.pt. 70-75°. 53

A rubidium complex

has been obtained, from diethylzinc and the alkalimetal, as a

The formation of similar complexes

has been obgerved in the preparation of organo-derivatives of Group IIA

elements from the metal and diethylzinc in benzene solution.

Addition

of ether, and filtration from solid matter yields a solution containing the
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complexes having the formula HZnEtA, (M:Ca,Sr,Ba).54 The
strontium complex has been obtained without the use of ether, and is
described as a reddish~brown crystalline solid which decomposes at
170° with deposition of a metallic mirror, and evolution of diethylzinc.,
Lithium tetramethylzincate has been obtained as a mono etherate by the
reaction of methyl-lithium with an excess of dimethylzinc in ether solution
and subsequent removal of all of the volatile iiaterial. The complex
does not lose ether even when heated to 60° under vacuum.56 The
forwation of compléxes with organo-liithium reagent in tetrahydrofuran
solution hags been detected by the chift in the ultra-violet absorption
of the lithium alkyl. A 1l:1 complex was forwed, and the reaction was
found to be completely reversible;

(B 1i") + Bt,2n = (RZaEt,) 11"
Phenyl-lithium adds reversibly to diphenylzinc in ether solution to
give a 1:1 complex, which can be obtained solvent free by additioﬁ of
xylene, The complex is a grey powder which decomposes at 1640; when
recrystallised from dioxan it ecrystallises with four molecules of
solvent, A less stable complex LiBanPh7 can a2lso be obtained, but
this is highly dissociated in boiling ether, whereas the 1l:1 complex
LiZnPh3 is essentially monomeric.36

Anionic complexes in which hydride ions act as ligands have been

reported. Lithitm hydride adds to diphenylzinc in ether solution to

yield a 1:1 complex which crystallises as a mono etherate, Lithan-OEtz.
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The complex is easily soluble in tetrahydofuran, but sparingly soluble

57

in benzene, and, rather surprisingly, in ether. In glycol ethers
diethylzinc adds sodium hydride to yield a complex of unexpected
stoichiometry. With "monoglyme" or "diglyme" as a solvent, a complex
containing one mole of hydride for every two moles of diethylzinc is
obtained, i.e. Na(EtZZn)ZH. 58 Attenpts at isolating the complex by
removal of solvent only results in decomposition, and the fact that the
reaction would not take place in hydrocarbons, diethyl ether or tetra-
hydrofuran sugzests that the chelating ethers are somehow involved in

the bonding of the species in solution. The solution reacts with

[

ethylene at lOOO, and 450p.s.i, presumably to give sodium triethylzincate,
since ethane is the only gaseous hydrolysis product.

Finally, the ethynyl complex K, Zn(C;;CH)4 and the complex
cyanide KZZn(,CN')4 may be included since they contain zinc-carbon bonds.

The former complex, prepared from potassium acetylide and the diammnine
y PTEpP

Ut
0

of zinc thiocyanate in liquid ammonia, functions as a 2:1 electrolyte
in that solvent, and though it is neither sensitive to shock nor
explosive when heated, it is rapidly hydrolysed by water. The latter
complex, and the iso-nitrile éomplexes Zn(CN)2.2RNC 60 are thought to
be stabilised by some sort of mesomweric effect involving dy—» P
bonding.

Due to the low polarity of the zinc-carbon bond, organo-zinc

compounds have generslly been thought of as being unable to form neutral
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electron donor-acceptor complexes, indeed triethylamine and
triethylphosphine have been reported not to react with diethylzinc,
Quite recently however, the first examples of well defined co-ordination
complexes have been described. An indication of their existence was

61

the observation of Frankland — in 1859, who noted that the use of
dimethyl- or diethylether as a solvent greatly facilitates the formation
of dimethylzinc from zinc and methyl iodide, but that complete
separation from the product proved to be impogsible. The Me2Q/MeZZn
system has recently been reinvestigated by Thiele,62 who hasg

iy PO 3 () —m— = .. - 1.
demonstirated the formatior

= - oA R ~ P e 3 o2 = I
;1 complex. However by distvillatici

Q
}_.J

fa
of the 1l:1 complex through an efficient fractionating column, a complete
separation can be achieved. A series of liquid adducts with cyclic

ethers was also reported. They couid be distilled at atmospheric pressure
without decomposition, but dissociated in benzene solution, The

strength of the bond between the dimethylzinc and the ether molecules,

and the possibility of co-ordination of a second ether molecule was

found to increase from ethylene oxide to pentamethyleneoxide. Thus,

only 1:1 complexes are formed with ethylene oxide and trimethylene oxide, .
whereas with tetrahydrofuran, and pentamethylene oxide 2:1 complexes

are obtained. On steric grounds the reverse trend might have been
expected, and it was concluded that the major influencing factor was

the orientation and character of the oxygen orbitals, which vary with

the ring size of the ether.

Dimethylzine yields crystalline, and presumably chelate, 1l:1
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complexes with 1,4-dioxan and 1,/-thioxan. These cannot be distilled
without decomposition. Aliphatic ethers like 1, 2-dimethoxyethane
yield liquid complexes containing two ether wmolecules to one zinc atom,
The complexes can be distilled without decomposition, but they dissociate
in benzene golution into a 1:1 complex and free ether.63 Similar 1:1
complexes of di-arylzinc compounds with 1,4~dioxan have been reported,
and as already mentioned, the preparation of organo-zinc halides in donor
solvents alwaeys affords the solvated species.B’é’65

With tertiary ainineg, dimethylzine yields definite co-ordination
. One or two meclecules of trimethylamine react with one
molecule of dimethylzinc to give liquid adducts, the 1l:1 complex
distilling without decomposition at 840, The 1:2 complex distills at
84-50, suggesting that dissociation into the 1l:1l complex and free amine
taked place; such a process is definitely observed when the complex is
digssolved in benzene. Triethylamine and pyridine afford only 1:2
coiplexes, which are a liquid and a crystalline solid respectively;
bpth dissoclate in benzene solution yielding the respective amine and the
1:1 complex,N,N,N’,N - tetraethylethylenediamine, 2,2 -bipyridyl, and
1,10-phenanthroline react with dimethylzinc forming crystalline chelate
compoundg which may be sublimed without decomposition in vacuum. 66 The
sensitivity of the co-ordination complexes to atmospheric oxygen is small
compared to that of dimethylzine, and it is reported that the chelate
complexes can be handled in air for a short time.

The pale yellow chelate complex obtained from dimethylzinc and
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é,Q’-bipyridyl and the orange compound bipy ZnEt2 have also been
reported by Coates and Green38 in connection with a study of a series
of coloured bipyridyl complexes of beryllium alkyls. Iore recently
the 2,2,—bip:yTidyl, and 1,10-phenthroline complexes of various organo-
zinc compounds have been prepared, and have been the subject of an
ultra-violet and visible gpectroscopic study.67 The colour of the
complexes L-ZnR2 (L = 2,2i—bipyridyl or 1,10-phenanthroline} was found.
to depend on the electronegativity of the alkyl group, and the results

for the bipyridyl complexes are given in Table I.

R Colour max(ﬂp) logemax E(Kcals/mole)
prt dark red 430 2-63 59
Bu™ red L25 2056 67
Et orange red 420 277 67
06H5 pale yellow 350 2+91 82
C6F5 colourless 309 415 92

The authors conclude that the observed spectra are due to a charge-

transfer process involving donation of electrong from the ZnR, group

2
into the lowest unoccupied molecular orbitals of the ligand. Unlilke
the berylliusm complexes however, the intensity of the charge-transfer

band increases with increasing electronegativity of R, and it is

suggested that participation of the '3d' orbitels of zinc is important.
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A similar sort of charge-transfer process is likely to be responsible
for the colour of the bright yellow crystalline 1l:1 complex formed from
diethylzinc and isoquinoline.

Finally, a series of complexes of di-n-butylzine, diphenylzinc, and
bis-pentafluorcphenylzinc with a variety of donor ligands has been
described.69 Chelate complexes with 1, 2-dimrethoxyethane,

N,N,N: N‘— tetramethylethylenediamine, 1,2-diphenylphosphinocethane, and
O-phenylene-bis dimethylarsine were characteriged, together with 1:2
complexes of ZnR2 and triphenylphosphine. The effect of increasing
electronegativity of R was shown to have a considerable effect on the
stability of the complexes. Dibutylzinc forms a thermally very unstable
complex with 1,2-dimethoxyethane (complete dissociation at 40° and

0.0Olmms Hg), and f

=
(s

i o]

i)
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Q

omplex with triphenylphosphine. Similarly

the liquid complex with the chslating arsine slowly loses dibutylzinc when
heated in vacuum. In contrast the phenyl and pentafluorophenyl
derivatives form very stable complexes which are crystalline solids as
opposed to liquid,and in all cases the melting points of the complexes
increased in the order: BuzZn<Ph2Zn<(C6F5)2-zn. The increasing
electronegativity of R brings about a corresponding increase in electron
affinity of the vacant orbitals of the zinc atom, causing it to become

a stroiger electron acceptor.

"Internal" co-ordination complexes.

In recent years a large amount of work has been done to try to
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determine the factors affecting the formation of molecular addition
compounds. The inorganic and organometallic compounds of the Group IIIL
elements have attracted most attention in this respect, and the very
considerable amount of data have been the subject of two review

70,71
articles.’ ’

The most important factors contributing to the
formation, and to the stability of molecular complexes are now well
understood, What is not so clearly understood is the relative
imporﬂance, and nature of the factors involved in determining the degree
of polymerisation of so-called "internal" co-ordination complexes. The
term applies to the compound produced when g molecular complex, usually
of an organometallic compound with a-ligand containing ‘acidic hydrogen!,
undergoes irreversible decomposition with evolution of one or more

moles. of _h_ydr ocarhon 3 o8
H \ T « N} C + W 1NMe )
AGBAI NIIeZH —> H: ( "'GZA...NL 82)

The pfoduct, if monomeric, wouild contain a co-ordinatively unsaturated
metal atom attached to a donor atom of enhanced donor character, due to
the dipole, e.g. gl——ﬁf In fact these compounds generally associate
to form oligomers where n = 2,3, or 4, and polymers. It is the
unpredictabllity of the degree of association which is perplexing, and
will continue to be so until more data are available.

Clearly, the most important characteristic of these compounds is the

molecular weight, and again it is the hydrido- and organo-derivatives

of the Group III elements which have received the most attention.
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Some of the "internal" complexes which have been reported in the
literature are discussed below.

The adduct of trimethylboron with ammonia can be thermally
decomposed under pressure to yield aminodimethyl borane MezB.NHz, and
methane.72 GCo-ordination saturation can be achieved by dimerization
to give a crystalline solid, or it can remain as a monomeric gas; a
reversible monomer-dimer equilibrius. can be observed in the gas phase

at room temperature. The ability of this type of compound to remain as

a monomeric gpecies is confined to boron, and several such examples are

73,74 75 Ty 76 77

known e.g. Me,B.Nife,, Me,B+NHMe, '~ Me,BOMe, and Me,BSile.

Similarly trisdimethylaminoboron (MezN)BB,78 and methyl borate (MeO)BB

are monomeric. The existence of some of these boron compounds as

70

monomers has been ascribed bo p bonding in the B-N, and B-0 bonds.

Rl g

- 12

b 1
Thus when boron is attached to a donor atom from the second or later
rows of the periodic system, conditions for orbital overlap are
unfavourable and polymers result, e.g. MezB-PMe2 is a cyclic trimer, and
the compound MezP.BH2 forms exceptionally stable cyclic trimers and

76 s .
tetramers. The latter degree of association may be due to a steric
effect similar to that which causes association of H,,B.NHMe,79 and
~

80,81

HZB-NH to cyclic trimers, a polymeric form of the latter also being

2

2
lcnown.&~ The monomeric compound MezB-SMe appears anomalous, but the
lack of association has been ascribed to the weak 6 -bonding power of

70
sulphur to boron being insufficient to hold a polymer together.
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The compounds We M. Nte, (M = AL,%36a,%41n,85115%) are 411 dimeric

in either the vapour phase or in benzene solution, the first three
existing in both crystalline and glassy forms. It is believed that
the latter consist of cyelic oligomers or polymers.g6 A crystalline
dimeric compound, diphenylaminodimethylaluminium has been reported
together with the dimees (MeZM-PPh2)2, (where M = Al, and Ga) and the
arsenic analogues (MeZM-AsPhZ)2 (where M = 41,Ga, aﬁd In).87 Both the
dimers (Me?_Al.Pth)2 and (MezAlAsth), absorb trimethylamine reversibly

83 This is due to the

in contrast to the cyclic trimer (Me Al.-Pie,),.

“~ ~ 2
fact that donor atoms bound to phenyl groups are less powerful donors
than those attached to alkyl groups.

Trimethylgallius and trimethylindium react with dimethylphosphine
and dimethylarsine at elevated temperatures to give compounds exemplified
oy (Mezﬁa-PMéZ)x, which are polymeric glasses in the condensed state at
rocn temperature but cyclic trimers in benzene solution. Phenylphosphine
and phenylarsine gave compounds exemplified by MeAl-Aske, which are
nonvolatile polymers.88 Analogous aluminium compounds formed from
triphenyl-aluminium and aniline are crystalline tetramers, (PhAlNPh)A,
but when ortho substituents are present on the amine, the crystalline

89

dimers (PhZAlNHAr) are obtained. Preliminary X-ray structural

2
examination indicates that the tetramers have a cubic structure having

twelve essentially equal Al-N bond 1engths.90

Dimethylaluminium methoxide is a cyclic trimer83 like the indium
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analogue,85 whereas the gallium’™ and thalliumg‘ analogues are dimeric.
Diethylaluminium methoxide is also trimeric, but diethylaluminium ethoxide,
and t-butoxide are dimeric. The aluminium compounds illustpgte the
steric factor governing association, there being less steric interference
between bulky substituents in a dimer than in the corresponding trimer.

-The same effect is presumaoly operative when the trimer (e Al-PMez)3 is

2
reduced to a dimer when the dimethylphosphino residue is replaced by
a diphenylphosphino group.

The compounds MezM.SHe (1 = A1,83Ga,911n,85T185) are all dimers
stable in the vapour phase, although the first two are depolymerised by
trimethylamine. It has been suggested that in the latter two compounds,
the internal co-ordination is strengthened by dp - dn_int'eraction.71
The reason that no higher polymers than dimers have been obgerved for

the thio-derivatives and some seleno-analogues, is probably the fact that

atoms of high atomic number undergo valence angle deformation much

95
86

easier than lighter elements.

TITNMe

The sare factor also probably accounts

IIpye

for the dimers (MezM and trimers (MezM 2)3 88 existing

2)2
as glassy solids. The valence angle deformation is gradually relieved
with the formation of larger cyclic oligomers and polymers. The
tetrameric dimethylaluminium cyanide and its gallium, and indium

analogues  provide another illustration of the importance of resgistance

to valence angle deformation determining the extent of polymerisation.

The remaining factors affecting the degree of polymerisation are the
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entropy effect, and the nature of the reaction intermediate,as

mentioned below. The former efiect will always favour dimers as the
agssociated species since the number of molecules per unit mass will be

88

at a maximuan. It has been suggested  that the latter effect might
be most important. Polymeric interwediates formed by an inteérmolecular
condensation would favour the observed polymer, tetramer or itrimer as
the isolated species. Those reactions which go through a monomeric
intermediate formed by an intramolecular condensation, would favour the
dimer as the associated species.

Several 'internal' co-ordination complexes, in whicnn the donor atoms
are part of a chelate group, have been described. Trimethylgallium,91
-indium,85 and —thalliumg'7 all react with acetylacetone to give methane

and chelate monomers,

0 CHe
/ NS
/ AN
Me 2M CH
AN /
0 —— C(Ciie

Trimethylgallium also reacts with salicylaldehyde with the elimination
of methane and formation of a similar chelate monomer. With

dimethylethanolamine however, which might be expected to form a chelate
compound, a dimeric product is obtained which forms a dimethiodide with

methyl iodide.91 The complex is formulated as,
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MO-GH2oCH2.NMe2
MezGa GaMe2

0-CHZ-(.7I'I2-NE‘-'ie2

A sinilar dimer is obtained from triethylaluninium and 2-ethoxyethanol,
the ethereal oxygen atoms not being involved in co—ordination.93

Some acetoxyboranes RzBOOCCH3 have been assigned monomeric
structures on infrared evidence. The lowered carbonyl stretching frequency
indicated the presence of a chelating acetate group. The fact that
the relative intensity of the band due to v{(C-0) remained constant over
a large concentration range in solution suggested the absence of an
acetate bridged dimex'.99

. o 100 . .

A similar inrtrared spectroscopic study of some dimethyl-gallium
and —alvuminium derivatives of oxy- and thio- acids has shown that the
dimeric acetates contain bridging acetate groups in an eight-membered
cyelic gtructure. The dimeric dimethylphosphinates,
diphenylthiophosphinates, amd benzenesulphinates have also been
formilated eight-membered ring structures as a result of similar
molecular weight and infrared studies, and the cyclic structure of the
phosphinate, HezGaozPMez, has been confirmed by an X-ray single crystal

analysis. 9B



In contrast, the dimethyldithiophogphi
monomers.

"Internal™ co-ordination complexes of organo-derivatives of
Group 1T elements have apparently been of much less interest than their
Group II1 anaiogues. This is surprising since even the associlated

products could be co-ordinatively unsaburated, and consequently the
r 2

-

formation of compounds containing wetal atoms of unusual co-ordination
number is to be looked for.

Dimethylberylliius reacts with dimethylamine eliminating methane
and forming the volatile cyclic trimer (MeBe-NMeZ)B, which is
formulated as having a six-membered Be-N ring; the beryllium atom is
necessarily three co-ordinate, tlethylamine reacts similarly to give
an involatile polymer, as does methane-thiol. #ethanol reacts rapidly
to give the dimeric alkoxide (HeBe.OMe)z, which disproportionates into
dimethylberyllium and beryllium methoxide at 120°, 101 N,N,N: -

Trimethylethylenediamine with dimethylberyllium yields methane and a
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crystalline solid MeBeN(Me)CHZCHzNMeZ, which is dimeric in benzene and

has been formulated with the following structure.

Ethylendiamines with two or more acidic hydrogens give polymeric

products.38

Diethylberyllium reacts with N-methylhydrazine to yield

a2 solid compound EtBeN(Me)iﬂz, which is tetrameric in benwene and is said
. oy . . 102 :

to he associated through nitrogen and ethyl bridges. bis-

. . - 3 - L . s

Diphenylaminoberyllium, formed from diethylberyllium and

diphenylamine, is insoluble in hydrocarbons and presumably polymeriec.

Ethylmagnesium ethoxide, a volatile solid, has been described by

s 104 . : -

Birnkraut, put the molecular weight of the compound was not

determined., However, the same species, formed when an ethereal solution

of diethylmagnesium is treated with a deficiency of oxygen, has been

shown by vapour pressure measurements of the ether solutions to be a

105

trimer, n-Butylmagnesium isopropoxide has been obtained as a
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colourless oil, soluble in benzene, but the molecular weight of the

106

species was not determined.

Dimethylzinc reacts with a deficlency of oxygen to yield

107,108

methylzinc methoxide, HeZnOMe. The same compound may also be

obtained from dimethylzinc and methanol, an excess of the latter
s ; L .. 109, . S .
yielding zinc methoxide. The molecular weight of the methylzinc
methoxide, a colourless crystalline solid, was not determined. Similar
data are lacking for the more recentlyprepared ethylzinc isopropoxide,
. C . : 1o L

a colourless solid which is soluble in heptane. Acetoxime in
excess reacts rapidly with diethylzinc in ether solution to give an
insoluble presumably polymeric compound Zn(ON:CMez)?. When a 1L:1
ratio of reactants is used ethylzinc acetoximate is obtained. It is
extremely soluble in ether, but can be obtained ag a crystalline solid
from very concentrated solutions, No molecular weight data are
available.lll

The acidolysis of zinc alkyls by p-toluidine has been the subject
of a kinetic study, but the intermediates RZn-NHC6H4.CH3 were not

112

isolated.”™™™  Organo-zinc amides have recently been prepared and

isolated as either liquids e.g. EtZnNEt_,or crystalline solids e.g.

113

2
PthNth, but no molecular weight data are available,

Diphenylzine reacts slowly with an excess of phenylacetylene in

ether solution to yield the insoluble compound Zn(CEECPh)Q.llZ‘L The
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compound may be polymeric, the multiple bond providing a source of
electrons to form a ‘J{-complexed polymer. If this is the case, the
co-ordination is not very strong since it is easily soluble in the

115

gtrong donor solvents, tetrahydrofuran, and dimethylformamide,

Diethylzinc and a two-fold excess of diphenylphosphine slowly

116
react. in paraffin solvents to yield bis-diphenylphosphino-zinc,
The compound is insoluble in hydrocarbon solvents, ether, dioxan, and

tetrahydrofuran, and is presumably polymeric, having the following

structure.

NN
A NN

-’

2
The zinc amides Zn(NH,)_, %7 Zn(8H-Et),, %" and zn(NES,

) 117 obtained
£

from diethylzinc and the corresponding amine all probably have similar
polymeric structures.

Some organo-metallation reactions.

The first examples of reactions of this type were those of the
Grignard reagents; these have proved particulerly useful in syntheses,
gome of the more well-known examples being reactions with compounds

containing >C=0 and -C=N groups, e.g. the carbonation by carbon dioxide,
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Hao
002 + MeMg —> Me(lfi—Ol"IgX ——2—-—> Me“Ji-OH

0 0

the formation of alcohols from aldehydes and ketones,

Me H
{
RCHO + MeMgX —> R-CH-OMgK —2>—> RMeCHOH
H
RRCO + MeMgK ——> R-Cife-OtigX —=29 5 RRGOH
R Me

and the formation of ketones from nitriles,

e

H
!
RON + MeMg{—> R-C=NMgX ——22——> RiMeCO
118 ) 119
Recently Lappert and other workers have commented on the

generality of this reaction, and the fact that it is becoming evident

that orgeno-metallation is merely an exampl

1]

talen from a wider class,

(]

in which derivatives of metals or metalloids act as 1,2-dipolarophiles
with respect to unsaturated substrates. Some examples of other types of

metallation reaction are briefly discussed below.

a. Hydrometallation

The addition of dialkyl aluminium hydrides to alkynes followed by
hydrolysis, is a well-known possibility for a partial or complete
reduction of acetylene and its homologues. The reaction allows a
smooth synthesis of many pure ¢ls- 1,2-disubstituted ethylenes.

Dialkylaluminium hydrides also add to other multiple bonds, and are
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eonvenient reducing agents for the groups-CHO, }C=0, -COOR, ~C=N

and others.121 A mére recently discovered example of this type of réaction
is the hydroboration of olefinic and acetylenic compounds.122 The

reaction intermediaste from tetramethyldiborane and methyl cyanide has

been isolated, and identified as the dimeric dimethylethylideneaminoborane
(I‘vIeCH=NB‘;vie2)2.123 It exists in cig and trans isomeric forms.

Trialkyltin hydrides have been shown to add to compounds containing

-CHO, }C=0, and -C=N- groups,124 e.g.

EtBSnH + PhCHO —> EtBSnOCi'IzPh
The 1:1 adducts formed from the reaction of simnilar hydrides with
phenylisocyanate and phenylisothiocyasnate are formulated as having

12a

structureg in wvhich addition has taken place across the N=C bond.

b. Halogenometallation
) 125
Boron trichloride reacts with phenylacetylene in two stages, e.2.
Ph H Ph HH Ph
/SN 7
po=ci X3y oo’ o= s ¢ =cl_6=C
RN / B Cl
Cl BCl2 Cl Cl

The chloride has also been shown to react with phenylisocyanate to

: 126
yield the substituted aminoborane,

“f-pop-geo
1 fh C1 Pn C

i



c. Alkoxymetallation

A nevw series of compounds, the N-stannyl-carbamates has been
prepared by the addition reaction of trialkyltin alkoxides with
organic isoc:ya.names.l27 For example, tributyltin methoxide and
l-naphthylisocyanate react at room temperature to give methyl
N-tributylstannyl- N-l-naphthylcarbamate, the addition therefore having
occurred across the N=C bond. Tributyltin methoxide also undergoes
addition reactions with aldehydes, the product not being particularly
stable as the reaction is reversible.128 A similar reaction occurs with
aldehydes and bis(trialkyltin) oxides, and it was suggested that such
reactions would be common to alkoxides of many other metals. The
formation of N-mercuricarbamates from mercuric alkoxides and aryl

129
isocyanates has recently been reported, €.Le

Hg(Oite) 0% 2PhNCO ——> Hg (lNPh.C00ide ) 0

Phenylmercury methoxide likewise adds exothermically to phenyl
isocyanate giving methyl N-phenyl-N-phenylmercuricarbamate
PhHg.NPh.COOMe.
. _— . 130 '
Finally, the first example of alkoxyboration has been effected

by the reaction of phenylisocyanate with n-hutoxy-1,3,2-benzodioxaborole,
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~_0 0
@\ >B-0Bu __PONGO L -y - c<
7o 7 o Pn 0

d. Amingmgtailation.

A series of monoaminoboranes R2B.NR1R2 , and bis-aminoboranes
, 2 130 to yie(cl
R.B(NRR )2 undergo aminoboration reactions with phenylisocyanate,mono-,
. s g \ ~ ‘dﬂz . . . .
or bis-ureidoboranes /B-NPh.B.N . Similarly, aminostannylation
reactions occur when trialkyltin amides react with carbon dioxide,
carbon disulphide, ketene, organic isocyanates, and several other
131,132
unsaturated compounds. ~
Finally, organozinc amides have been shown to undergo
. . 113 .
aminozincation reactions with phenylisocyanste, and phenyl

isothiocyanate, carbon dioxide and carbon disulphide. With the former

two reagents, addition is regarded as taking place across the -C=N bond.

e. Organometallation

The Grignard reactions mentioned previously have also been shown
to occur with other less reactive organo-metallic derivatives. This
has found application in the preparation of ketones from acid chlorides,
where Grignard reagents have a tendency to react further providing, on
hydrolysis, the tertiary alcohol. The less reactive organo-zinc and

23

—cadmium compounds afford only thevketones, although the formation of
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tertiary alcohols from X-nitro ketones and organo-cadmium compounds has
L. 133
recently been reported.
The relative Grignard activity for some organo-metallic derivatives

134

has been established by Gilman as; RMgX D RBAl > Rzzn.> Rzpd. Thus

although Grignard reagents and organo-aluminium compounds are readily

carbonated, diethylzinc only reacts under pressure &t 1600.135

Di-p-tolylzinc is rather more reactive yielding, on hydrolysis in one

experiment, 21% of p-toluic acid when carbon dioxide was bubbled through

a refluxing xylene solution.134 Addition to the >C=O group occurs at

imuch the same relative rates, e.g. with benzophenone at room temperature,

and in ether solution, triphenylaluminium yields; on hydrolysis, 16%

triphenylcarbinol, The reaction with diphenylzinc only proceeds to the

same extent in refluxing xylene solution.134 Diethylzine and

acetaldehyde after refluxing, yleld a white crystalline solid which hes ‘

not been isolated. Hydrolysis of the product affords methylethylcarbinol?Bb
Triphenylaluminium, diphenylzinc, and diethylzinc are all reported

to react with phenylisocyanate at room temperature, the yields of the

anilides being greater with the aluminium compounds.134 Aliphatic

igocyanates react exothermically with triethylaluminiwm, giving on

" hydrolysis, good yields of the corresponding priopionamide, The

addition is assumed to teke place across the C=0 bond although no

137

intermediates were isolated, and there is no evidence about their

structures.
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Small yields of ketones have been obtzined from benzonitrile and
tri-p-tolylaluminium, and di—p-tolylzinc.134 The reactions only proceed
at high temperatures e.g. refluxing xylene solutions, as does that
between trimethylsaluminium and benzonitrile. Vhen present in a l:1
nolarratio, the latter begin to react at 85°, reaching a maximum reaction

rate at 140°. The authors regard the reaction as a two stage process,

!
a. complex formation, R.CzN-=AlR,, which is exothermic and,
f

_ 133
;c = NAIR,, which is slow and rate determining.
R

b. the formation of

This would seem to be the case since other workers have shown that by
using a 2:1 molar ratio of triethylaluminium to benzonitrile, very high
yields of propiophenone can be obtained by refluxing the reactants in

benzene solution. A mechanism involving nucleophilic attack by the
. s . 137

e | ~imle oz 1 E e,
group, on the carvon of the nitrile ha
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however, no intermediates were isolated.

The primary interest in the reactions discussed above has usually been
applicability for syntheses, and reaction intermediates have not been
isolated. Details of molecular complexity of intermediates may provide
useful information for kinetic studies on analogous systems, this is
particularly true of Grignard reactions. In only very few instances

are such data available.
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The dimeric compound (PhZMeC-O.AlMez)2 has been isolated from
: L . : c .o 139 ,
the reaction between benzophenone and trimethylaluminium, The
latter and other aluminilum alkyls also react with benzonitrile with
the formation of benzylideneamino derivatives exemplified by
(PhMeC=N-AlMe2)2. The intermediates are dimeric, and the proton magnetic
resonance spectra support a nitrogen-bridged structure for the dimers,
with cis and trans-isomers present in the case of the compound

3 1 lZ" Tn o 3 ] = 3 -
formulated avove. Triethylboron adds readily to phenylisocyanide

. . . ) 41
t0 yield a six-membered cyclic dimer.

Ph

PhlN=C + E4. B — > \&
3 Et—C / BEt.,

~

\
i
°h
A similar compound has been obtained by reaction of triethylboron with

ethylisocyanide,142 although trimethylboron and t-butylisocyanide

yield, rather surprisingly, the monomer MﬁeBCN=CHe-BMe2.l43
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Experimental methods and apparatus.

Nitrogen supply.

The nitrogen used was purified by passing the gas through a
furnace containing reduced wire-form copper at gg.4000, then through
a furnace containing 'BTS' catalyst at gg.lOOo, and finally through
two traps at -196°,  The 'oxygen-scrubbers! were periodically
regenersted with hydrogen.

Samples for analysis and infrared spectra were transferred ar
manipulated under a nitrogen atmosphere in a glove box of the
conventional type (Lintott,I1B). The nitrogen was purified as
described above, and a small pump fitted inside the box provided a
gontinuouns recycling of aitrogen through the purification system when
the box was not in use. A tri-isobutylaluminium bubbler included in
the puriLicatiéL system was found to give very dry, oxygeun-free nitrogen,
but great difficulty vas encountersd in trying to remove aluminium oxide
'smoke! from the gas stream.

44

Vacuum system.

A vacuum system (Photograph 1l.) was constructed for the manipulation
of many of the compounds used in the present investigation, It
consisted of three sections: a, storage section; b, gas measuring section;

and c, fractionation section.
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a. The storage section had large (3 litre) bulbs for the storage‘
of gases, e.g. dimethylamine, and swaller (100 c.c.) bulbs for the
storage of low boiling liquids, e.g. dimethylzinc. Each storage bulb
was isolated from the main manifold by a mercury float valve.

b. The gas measuring section consisted of a large buld and cold
finger (approx. 4 litres), connected by a mercury float valve to a
smaller bulb and cold finger (approx. 490 c.c.). 4 single limb
manometer was connected tc the smaller section soc that either a small
volume of gas could be measured with the large bulb isolated, or a
larger gmount in the combined sections. The bulbs were calibrated to

a reference mark on the manometer by condensing in knowun amounts of carbon

dioxide,
Calibration for measuring system
Combined volums of large and small bulbs = 4512 c.c.
Volume of small bulb = 389+6 c.c.
Internal radius of manometer = 0520 cm.
For lcm. drop on manometer the increass in volume = 0:849 c.c.
For lcm. drop on manometer the rise in the reservoir = 0°0304 cis.

The bulbs were used to measure condensible gases and the bulk of partily
condensible ones, e.g. methane. The remainder of the partly condensible
gas could be measured using a Tbpler pump and gas burette, which was
fitted in the line.

c. The fractionation section consisted of three U-traps connected
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by mercury float valves, each one being independantly connected to
the main manifold through a fleat valve. A single inlet point
through an S*19 socket was fitted, and evacuation was accomplished
using a rotary oil pump and a mercury diffusion pump. A rotary oil
pump was alsc used for the secondary vacuum line controlling the
mercury reservoirs,

Reactions were usually done in a double Schlenck tube, the
compounds being purified either by recrystallization or sublimation
in one of the limbs. Sealed tubes, when reactiong were complete, were
opened when the tube was attached through 2 suitable adaptor to the
vacuum line, so that the volume of gas produced during a reaction
could be measured conveniently. The tubes were then sealed again
under vacuum, transferred into a glove box where they were opened,
and the contents scraped into a small two-necked flask. This was
removed from the glove box, and the solid compound transferred under a
flow of dry nitrogen into a double Schlenck tube where it was

subsequently purified, for example by crystallization.

Analyses

Carbon and hydrogen analysis.

Analyses for these elements were carried out in this department
by various members of the analytical staff., Relatively few of the
compounds prepared in the course of this work were sufficiently air-

stable to permit analysis by conventional combustion methods.



Hydrolyses.

The great majority of the compounds prepared were readily
hydrolysed by moisture causing cleavage of a zinc-carbon bond and
corresponding evolution of hydrocarbon. This was used as a basis
for analysis, a weighed sample being hydrolysed under controlled
conditions in a small two-necked flask attached to the vacuum line.
The compounds were hydrolysed initially with a few c.c. of
2-methoxyethanol followed by dilute sulphuric acid, run into the flask
through 2 dropping funnel. The liberated gases, after fractionation,
2g buretite using the T8pler pump. In the case
of phenyl-zinc compounds, hydrolysis was accomplished by.allowing the

compound to stand in contact with dry hydrogen chloride at

approximately 45° for about an hour. The benzene produced was
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zas measuring bulb,

Zinc _analysis.

The organic matter in the hydrolysate, obtained as described above,
was destroyed by boiling with a mixture of nitric and sulphuric acids,
and finally the zinc was determined by the 'EDTA' method described

in Part 1 of this thesis.
Amines.
Aliphatic amines were determined by the Kjeldshl method. After

cautiously hydrolysing a weighed sample of compound with concentrated

hydrochloric acid, the hydrolysate was transferred to a small Kjeldahl
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flask, made alkaline with strong caustic soda, and boiled. The

amine was steam distilled into a flask containing a known amount of

standard acid, and the excess titrated with standard alkali solution.
Diphenylamine was determined by ether extraction of an alkaline

hydrolysate, and after removing the ether under vacuum, the

diphenylamine was sublimed onto a previously weighed ‘cold finger'.

Phogphorug
This was determined as phosphate by precipitation with quinoline

molybdate.144a

A suitable weight of sample was combusted in an
'oxygen-flask' as described in Part 1 of this thesis. After absorbing
the combustion products in dilute aqueous acid and diluting to a

known volume a suitable aliquot was taken and a little citric acid
added. This prevented interference from silicate ions. The

solution was boiled and the phosphate precipitated by the slow addition
of quinoline molybdate solution. The mixture was allowed to cool

and the precipitate filtered on a paper pulp pad. It was washed until
completely free of acid and then quantitatively transferred to the
original flask. An excess of standard sodium hydroxide was added and
the precipitate dissolved by shaking the stoppered flask. The excess
alkali was determined by back-titration with standard (O0+1N) hydrochloric

acid using phenolphthalein as an indicator,

Molecular weight measurements.

Molecular weights were determined where pdssible cryoscopically in



~43-
benzene. The benzene, of analytical reagent purity, was dried over
sodium wire and calibrated (in respect of its freezing point constant)
using freshly sublimed biphenyl. The usual Beckmann apparatus was
used, and since most of the compounds were air-sensitive, a slow
current of dry nitrogen was passed through the apparatus during each
determination. This did not cause a significant loss of solvent by

evaporation.

Infrared spectra

Infrared spectra were recorded on a Grubb-Parsons Spectromaster
prism-grating spectrometer. The spectra of solid compounds were
recorded as Nujol mulls between potassium bromide discs; those of
liquids and gases were recorded using a potassium bromide liquid cell,

and 7cm, gas cell respectively.

Nuclear magnetic regonance spectra

These were recorded on an A.E.I. R.S.2 spectrometer operating
at 60 Mc./s. Samples were dissolved in benzene or deutero-toluene, with
tetramethylsilane as a reference compound, The sample tubes were
filled by syringing the sample solution through a constriction,
against a counter current of nitrogen. They were then cooled to
approximately —100°, evacuated, and a suitable quantity of
tetramethylsilane condensed in, Finally, the tubes were sealed-off

at the constriction, under vacuum.
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Preparation of starting materials.

Methylmercuric chloride
_ 145
This was prepared by a method already described in the literature.
Methylaluminium sesquichloride and mercuric chloride reacted in

methylene chloride solution to yield methylmercury chloride in almost

quantitative yield.

M63A12013 + 3HgC12A———%>3MeHgCl + A12016

A 5-litre, three-necked flask was fitted with a heavy stirrer,
a condenser, a dropping funnel, and a nitrogen inlet and outlet.
Mercuric chloride (698gms.) and methylene chloride (1500 c.c.) were
placed in the bottom of the flask, and the apparatus purged with
nitrogen. Methylaluminium sesquichloride (135gms.) in methylene
chloride (250 c.c.) was slowly added through the dropping funnel over
a period of about forty minutes, the solution being stirred continuously.
The solvent refluxed under the heat of reaction, and was kept
refluxing overnight. The slight excess of methylaluminium
sesquichloride, and aluminium chloride were hydrolysed by the slow
addition of 2% aqueous hydrochloric acid (1250 c.c.). The aqueous
layer was separated, and washed with methylene chloride (200 c.c.).
This was separated and the organic layer added to the main bulk of
methylene chloride which was removed by distillation, and the crude

methylmercury chloride pumped dry under vacuum. The product was
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purified by vacuum sublimation, and was obtained as white shining

plates, m.p. 172-173°. (Lit%fé 173°), The yield was 625gms. (97%).

Dimethylmercury.

This was prepared by a modification of the method of Gilman and
Brown147 whose method involved the reaction of mercuric chloride with
a two molar excess of Grignard reagent. A considerably improved yield
has been obtained in the present method by using methylmercuric chloride
and an equimolar amount of methylmagnesium bromide.

Magnesium turnings (44gms.) and dry ether (2 litres) were placed
in a 5-litre three-necked flask. The flasik, which had previously
been purged with dry oxygen-free nitrogen, was fitted with a heavy
stirrer, a dropping funnel, and a 'cold finger' maintained at -78°.

The dropping funnel was cooled by surrocunding it with powdered solid
carbon dioxide, and filled with a solution of methyl bromide (173 gms.)
in ether (400 c.c.). The reaction was initiated with a few drops of
ethylene dibromide, and the methyl bromide solution added at such

a rate that the solution refluxed gently. The mixture was stirred
continuously, and was allowed to reflux for a further thirty minutes
after addition had been completed. The concentration of the Grignard
reagent was not determined, and a 95% conversion of methyl bromide

was assumed when calculating the amount of methylmercuric chloride
required for the subsequent reaction.

The 'cold finger' was replaced by a Soxhlet extracter fitted with
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a sintered disc, and having a water condenser fitted to the top.

Methylmercuric chloride (435gms.) was placed on the sintered disc and

‘caused to be extracted by refluxing the mixture for a total of thirty

hours. In order to ensure complete reaction, the solution was
concentrated by distilling off about 1500 c.c, of ether; this was
returned to the main reaction flask later. The mixture was hydrolysed
with aqueous acid (500 c.c.), the ether layer separated, and the agqueous
layer washed with ether (3 x 50 c.c.). The washings were added to

the main bulk of ether, which was dried by standing over anhydrous
magnesium sulphate. The ether was distilled off through an efficient
fractionating column until pieces of porous pot in the distillation
flask began to float on the surface of the liquid. The distillation
apparatus was allowed to coel, a amaller fractionating column fitted,
and after distilling of the remaining ether, the dimethylmercury was
distilled as a clear colourless liquid, b.pt. 93% (Lit., C 92-00).

A total of 342 gms. of dimethylmercury were obtained (87% yield).

Dimethylzing.

Dimethylzinc was prepared by an alkyl exchange reaction between
zinc metal and dimethylmercury. The reaction was carried out in;gll-
glass apparatus, which consisted of a 250 c.c. reaction flask to which
was attached an efficient fractionating column, and a constricted
side-arm. A side-arm at the top of the column led to a 'cold-finger!

and a mercury cut-off, which could be raised or lowered when taking off
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a fraction from the top of the fractionating column. The apparatus
was thoroughly purged with dry oxygen-free nitrogen, and the reaction
carried out under such an atmosphere.

Zinc filings (70gms. approximately 100% excess), and a few crystals
of methylmercuric chloride (as catalyst) were placed in the round
bottomed reaction flask and dimethylmercury (1l2lgms.) was syringed
through the constricted side-arm against a counter-current of nitrogen.
The flask and contents were cooled to - 80, and the side-zrm sealed off.
The reaction mixture was heated so that the dimethylmercury began to
reflux, and afier approximately thirty minutes the temperature of the
liquid refluxing at the top of the column was 440. Fractions boiling
between 43'50 and 44‘00 were removed from the apparatus at regular
intervals, the reaction being completed after seven hours. The yield
of dimethylzinc was J4gms, corresponding to a yield of 90%, based on
the amount of dimethylmercury used. The dimethylzinc was distilled onto
thé vacuum line for storage, and no further fractionation was found to
be necessary. The vapour pressure at 0% was found to be 123+9mm.,

148

(Lit., 125mm. ).

Diethylzinc

This was prepared by the method described by Noller,2 and
consisted of the preparation and thermal disproportionation of ethylzinc
iodide.

A zinc/copper couple was prepared in a 500 c.c., three necked flask
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by heating a mixture of zinc dust (120gms.), and cupric oxide powder
(10gms) in an atmosphere of hydrogen. The temperature was increased
until the metal just began to fuse, and this temperature wes maintained
until all of the water vapour had been driven out of the exit gas lead.
The flask was allowed to cool, and the hydrogen atmosphere replaced

by one of nitrogen. While the flask was continuously purged with
nitrogen, it was fitted with a dropping funnel, a condenser, and a
heavy stirrer.

A mixture of ethyl iodide (78gms.) and ethyl bromide (54gms.), was
added to the zinc-copper couple, and the mixture refluxed under an
atmosphere of nitrogen. After approximately twenty minutes the
reaction started, and proceeded quite vigorously. The mixture was
refluxed for a further sixty minutes, and the flask allowed to cool to
room temperature. The contents of the flask solidified, probably due
to the reformation of ethylzinc iodide and bromide. The stirrer was
removed from the flask, a distilling head fitted, and the diethylzinc
obtained by heating the ethylzinc halides under reduced pressure, a
trap cooled to -78° being used to freeze the product out. The yield
of diethylzinc was 5lgms.(85%).

The frozen product melted to give a clear colourless liquid, but
after approximately twenty minutes the liquid became dark-grey, proobably
due to finely divided metallic zinc. The diethylzinc was distilled at

29

atmospheric pressure, b.pt. 118° (Lit., 117-60) to give again a clear
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colourless liquid. This again became cloudy due to the precipitation
of metallic zinc and it was concluded that the material was light
sensitive, Although similar behaviour has been observed with the
higher alkyls,28 the 1light sensitivity of diethylzinc has not been
reported previcusly., The product was distilled onto the vacuum line

where it was stored in a vessel wrapped in black paper.

Diphenylzinc.
This compound was prepared by a previously described method,13 and
involved a metal-aryl exchange reaction between zinc and diphenylmercury.
Diphenylmercury (30gms.) and zinc dust (24gms.) were placed in
a two-necked flask with dry xylene (150 c.c.), and the flask purged with
nitrogen. The flask was fitted with a nitrogen inlet, and an outlet
at the top of the condenser. The mixture was heated until the xylene
began to reflux, and the temperature maintained for several hours. The
hot xylene solution was then filtered under an atmosphere of nitrogen,
and the clear solution cooled in an ice-salt mixture. The colourless
crystals of diphenylzinc were filtered and washed several times with
hexane before pumping dry under vacuum. The yield of diphenylzinc was

13

10gms. (80%), and the m.p. 105-106° (Lit.,  105-106°),

Dimethylamine.
The N-nitrosamine was already available, and the free amine was
obtained by hydrolysis of the former.

Dimethyl-N-nitrosamine (10gms) were refluxed for twelve hours with
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concentrated hydrochloric acid (35 c.c.), and after distilling off
most of the acid, the solution of the amine hydrochloride was allowed
to fall onto potassium hydroxide pellets. The latter were contained
in an evacuated flask, and the free amine was condensed onto caustic
pellets in a receiving flask cooled to -78° , Finally, the amine was
distilled onto the vacuum line through two traps cooled to -80°, and
the volume measured. The volume of dimethylamine was found to be
2,490 Nc.c. corresponding to an 85% yield. The vapour pressure at
~-23° (melting carbon tetrachloride) was found to be 1761 mm. (Lit.,149
174°9 mm.)

Dimethylphosphine.

A sample of impure phosphine was available, and this was purified
by fracticnation through two traps cooled to -78°, inte two traps
cooled to -960. A small amount of the dimethylphosphine which pasgsed
through the latter trap was discarded, and the remainder transferred to
the storage section of the vacuum line. The vapour pressure at o° was
measured, and found to be 338+2 mm. (Lit.,~°° 338 mm.).

The remainder of the compounds used during the present
investigation were commercial products which were purified either by
distillation, vacuum sublimation, or recrystallization.

The solvents which were used were dried and stored over sodium wire,
or in the case of ethers and some amines, distilled from lithium

aluminium hydride and then stored over sodium. Pyridine cannot be
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purified by this method and was refluxed with solid caustic soda, and,
after fractionating through an efficient column, stored over sodium

hydroxide pellets.
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Reactions with amines.

Reaction of NNN'N:tetramethyletnylenediamine with dimethylzinc-
formation of the adduct Me2N0H20H2NMe2-ZnMe2

Dimethylzine (0-48g., 5405 m.mole) was condensed onto the amine
(0-54g., 5-0 m.mole) contained in a sublimation tube attached to the
vacuum line, The mixture was allowed to warm to room temperature, and
the white solid which was formed was purified by vacuum sublimation
- (0+0L mm. 40°) as large glistening crystals, m.p. 57-58°.

(Found: Zn, 30+7; hydrolysable Me, 14-10%; M, cryoscopically in
0-75, 0-86 wt. % benzene solution, 225,219. OCgH, N,Zn requires
Zn, 30-9; hydrolysable Me, 14+19%; M, 211).

The complex slowly decomposed in air, but was rapidly hydrolysed
by moisture.

The infrared spectrum (below 2000 cm'l) of the complex, recorded
as a Nujol mull contained bands at the following frequencies:
1441vs, 13798, 13568, 187vs, 1250s, 1178s, 1159vs, 1ll4i5vs, 1130vs,
1098s, 1065s, 1034vs, 1016s, 950s, 791lvs, 770s, 649vs(br), 610s(sh),
553m, 510vs, 453s, 431m.

vw = very weak, w = weak, m = medium, s = strong, vs = very strong,

sh

broad.

Reaction of NNN'~ trimethylethylenediamine with dimethylzinc- formation
of the dimer ZMeZnNMeCHZCHzNMeé)z.

Dimethylzine (0+87g., 9+15 m.mole) was condensed onto the amine

shoulder, br
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(0-93g., 9-21 m, mole) contained in a sublimation tube. On
warming the mixture to room temperatufe a white crystalline complex was
formed, which melted at approximately 40° with the slow evolution of
methane. At 50° a vigorous gas evolution occurred leaving a white
crystalline mass which was purified by vacuum sublimation (O°Olmm, 750)
as glistening plates, m.p. 110-111° (shrinking at 99°),

(Found: 2Zn, 36+3; hydrolysable Me, 8:32%; M, cryoscopically in
122, 2:43 wt, % benzene solution, 358, 365. 012H32N42n2 requires
Zn, 36°+1; hydrolysable Me, 8+27%; M, 363).

The compaund was apparently slowly decomposed in air but was
rapidly hydrolysed by moisture. The infrared spectrum recorded as a
Nujol mull contained bands at: 1460vs, Li49vs(sh), 1410w, 1404w,
1370m, 1344m, 1276m, 1253m, 1242w(sh), 1186w, 1175w, 1148s, 1143s(sh),
1112s, 1099s(sh), 1058m, 1030s, 1003m, 938m, 848s, 836s(sh), 780s,
627vs(br), 592m, 506vs(br).

Reaction of dimethylamine with dimethylzinc-~ formation of
bisdimethylaminozine Zn(Nde,),.

Dimethylzinc (229 N c.c., 10°2 m.mole) and dimethylamine

(226 N CeCey 10°1 m. mole) were measured on the vacuum line and
condensed into a reaction tube which was then sealed off at a
constriction. When the liquid mixture was warmed to room temperature,
evolution of methane was obsefved to take place very slowly; at 700

the reaction was quite rapid and was considered to be complete after
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approximately two hours, The tube contained a white solid, as well
as gaseous products which, on opening the tube were found to be methane
(224 N c.c., 10°0 m.mole), and dimethylzinc (115 N c.c., 5°13m.mole).
The gaseous products were identified by their infrared spectra. The
white solid was involatile and ingoluble in either benzene, ether or
dimethylformamide. Solutions of 2,2/—bipyridyl in these solvents
also failed to dissolve the compound, as did refluxing pyridine. The
compound decomposed without melting at 270—2900, and was rapidly
hydrolysed by moisture.

(Found: Zn, 42¢9; hydrolysable Me N, 57+3%. C,H) N,in requires
Zn, 4265 hydroysable MeoN, 57-4%).

The infrared spectrum of the compound recorded as a Nujol mull
contained bands at the following frequencies: 1439vs, 1215m, 1142m(sh),

1130s, 1043m, 930m(sh), 916vs.

Reaction of diphenylamine with dimethylzinc- formation of methyl
(diphenylamino)zinc dimer, (MeZnNth)z.

Dimethylzinc (151 N c.c., 6°74 m.mole) was condensed onto
freshly sublimed diphenylamine (1l-14g., 6°75 m.mole) contained in a
reaction tube which was then sealed off at a constriction. The
mixture was heated at 70° overnight, a white crystalline solid being
formed. On opening the tube methane (150 N c.c., 6*67 m.mole) was
obtained as the only gaseous product. The solid was récrystallised

from benzene as small colourless plates, m.p. 185-1950 (shrinking at
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160°).

(Found: Zn, 26°2; hydrolysable Me,60%; M, cryoscopically in
0+74, 148 wt. % benzene solution, 465, 475. 026H26N2anrequires
Zn, 26°3; hydrolysable Me, 6°0%; M, 497).

| The compound easily decomposed in air and moisture, and when
heated under vacuum began to disproportionate into dimethylzinc and
bisdiphenylaminozinc at 130°, disproportionation oceurring rapidly at
150°, The latter compound was not investigated, but dimethylzinc was
identified by its infrared spectrum.

The infrared spectrum of the compound, recorded as a Nujol mull
contained bands at: 1587s, 1562s(sh), 1538m(sh), 1460s, 1333w, 1307w,
1227s, 1176s(sh), 1163s, 1156s(sh), 1075m, 1027m, 935w, 917m, 877w,
862m, 330s, 813m(sh), 755vs, 746vs(sh), 699vs(sh), 689vs, 667s(sh)(br),

575m, 5488, 499s(sh), 489s.

Reaction of methyl(diphenylamino)zinc with 2,2 -bipyridyl.

When a benzene solution of 2,2‘-bipyridyl was added to a benzene
solution of methyl(diphenylamino)zinc, a very dark red colour was
produced immediately. The colour was assumed to be due to the
presence of a 1l:1 chelate adduct, but repeated attempts to obtain an
analytically pure sample by crystallizing from solution, failed. The
conditions of crystallisation were found to affect the colour of the
product, e.g. when hexane was added to the dark red benzene solution,

and the mixture allowed to stand overnight, dark red crystals were



obtained which according to analytical data contained approximately 90%

of the chelate adduct MeZnNPh,.bipy. However, in another experiment,

2
most of the benzene was removed under vacuum, and hexans added to
precipitate the complex quickly. Buff-coloured crystals which

contained hardly any Zn-CH3 group, were obtained. The crystals

dissolved when heated in the pale-brown supernatank solution

resulting in the reformation of the dark red colour.

Reaction of methyl(diphenylamino)zinc with pyridine.
a. With an excess, gformation of dighenzlaminofmetgxl)bispxridinezinc).

Mepy ,ZniFh.,-

To a solution of methyl(diphenylamino)zinc (lg., m.mole) in
benzene (15 c.c.), pyridine (1+6g., 20-Om.mole) was added, and the
solution immediately beceme bright yellow. Hexene (25 c.c.) was added
and a bright yellow solid was precipitated. It was recrystallized from
the benzene-hexane mixture as yellow feathery needles, m.p. 185-1950.
This melting point was that of a partially decomposed material, since
by placing a specimen in a melting point apparatus which had previously
been heated to various temperatures, a sharp melting point of 110° was
observed.

(Found: Zn, 16°2; hydrolysable Me, 3+74%; M, cryoscopically in
1+26, 1-58, 1°66 wt. % benzene solution 370, 385, 390. 023H23N32n
requires Zn, 16°*1l; hydrolysable Me, 3+69%; M, 406).

The complex was rapidly decomposed by air, and the infrared spectrum
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recorded as a Nujol mull contained bands at the following frequencies:
1600s, 1575s, 1l431ls, 1425s, 1418m(sh), 1379m, 1342s, 1307s(br), 1290m,
1235w, 1212s, 1183m, 1163m, 1149m, 1064s, 1037s, 1031lm, 1015m, 999w,
985s, 943w, 917m, 877m, 85ls, 833w, 746s(br), 694s(br), 651w, 633w, 621s(br),
516m(sh), 505s(br). |

To a solution of methyl{diphenylemino)zinc (2g., 8+Om.mole) in hot

benzene (20 c.c.), was added pyridine (0+64g., 8*Om.mole); the colourless
solution changed to a véry pale yellow colour, and after the addition of
hexane (10 c.c.) and benzene (10 c.c.), the mixture was heated to 80° and
allowed to cool slowly. Large, very pale yellow crystals m.p. 210-2110,
separated overnight; the crystals were only slowly decomposed by air.

(Found: Zn, 11:5; hydrolyssable PN, 60+6%; M, cryoscopically in
1-02, 114 wt. # benzene solution, 553, 571. CBAHBONAZn requires Zn,
11:7; hydrolysable Ph N, 60-1%; ¥, 559).

The infrared spectrum recorded as a Nujol mull contained bands at
the following frequencies: 1600vs, 1577vs, 1562s(sh), 1493vs, 14i43vs,
1412w, 1333s, 1316s(sh), 1299vs, 1242w, 1209s, 1176m, 1163w(sh), 1148m,
1078m, 1066s, 10405,.1025m, 1010m, 995w, 988s, 957m, 900m, 873s, 85ls,

758s(sh), 74lvs, 737vs(sh), 690vs(br), 633m, 516s(sh), 500s.

Reaction of diethylzine with diphenvlamine
ethyl{diphenylamino)zinc dimer EtZnNPh,) 5.

- formation of

Diethylzinc (1-18g., 9-60m.mole) and diphenylamine (1:62g., 9-60m.mole)
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were placed in & glass reaction tube, and after evacuating all of the
nitrogen, the tube was sealed off at a constriction, and heated at
50-60° overnight. A white s0lid product and ethane (213 N c.c. 9-5lm.mole)
were obtained. The solid, which was very soluble in benzene, was
recrystallised from hexane at -70° as small colourless plates, m.p.
99-100° (shrinking at 89°),

(Found: 2n, 24°8; hydrolysable Et, 11:02%; M, cryoscopically in
1.5, 179 wt. % benzene solution 514, 540, 028H30N22n2 requires Zn,
24*9; hydrolysable Et, 11-05%; M, 525).

The infrared spectrum contasined bands 2% the fcllowing frequencies:
1592s, 1587s(sh), 150/m(sh), 1493vs, 14/9s(sh), 1408w, 1333m, 1307m,
1282m, 1235vs, 1176s(sh), 1163s, 1156m, 1081w, 1075m, 1031m, 990m, 956m,
930w, 917m, 877w, 862s, 833s, 755vs, 746s(sh), 697vs(br), 641w, 620s(br),
578m, 518s(br), 488s(sh), 481s(br).

Réaction of dimethylphosphine with dimethylzine - formation of

bisdimethylphosphinozinc Zn‘PMez)ze

Dimethylzinc (58+5 N c.Cs, 2+6lm.mole) and dimethylphosphine

(586 N c.c., 2°6lm.mole) were measured on the vacuum line and condensed
into a reaction tube, which was then sealed off at the constriction.

The reaction tube was heated at 70° for seventy hours, after which time
a white.solid had formed. On opening the tube, methane (25 N c.c,
l¢llm.mole) and unreacted starting materials were recovered. The

reaction was repeated at 110° using 1Om.mole of each reactant, but no
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golid was observed to form at this temperature. The temperature was
gradually lowered until solid began to deposit on the inside of the tube;
this occurred at 950. After maintaining the tube at 95° for two weeks
it was opened, and methane (222 N c.c., 9°91lm.mole) and dimethylzinc
(113 N c.c., 5+05m.mole) were obtained together with a white solid
which is involatile, and insoluble in ether, benzene, dimethylformamide,
and pyridine., It decomposed without melting at 270° and was readily
hydrolysed by moisture,

(Found: Zn, 34°7; P, 33-4%. GAﬁlzPZZn requires Zn, 34°9;
P, 33-:1%).

The infrared spectrum recorded as a Nujol mull contained bands at:

1418s, 1289w, 1272w, 1lli5w, 932vs, 887vs, 709s, 649s(br), 503s(br).

Reactions with alecohols.

Reaction of methyl alcohol with dimethylzinc, - formation of methylzinc

methoxide tetramer, (MeZnOMETZ.

Methyl alcohol (0+65g., 20<3m.mole) in hexane (10 c.c.) was slowly

added to a solution of dimethylzinc (460 N c.c., 20*5m.mole) in hexane
(40 c.c.), which was cooled to =70°.  The mixture was allowed to warm,
and at about -30° rapid methane evolution occurred and a white

crystalline solid was deposited. The mixture was heated to about 600,

and the clear, colourless solution allowed to stand at room temperature.
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Methylzinc methoxide slowly crystallised as broad needles, m.p.

190-191°.  The sample became white and opague at 150-170°, and the

melt evolved dimethylzinc (identified by infrared spectrum).
(Found: Zn, 58+8; hydrolysable Me,13.6%; M, cryoscopically in

1-12, 1+69 wt. % benzene solution 461,458. CgH Zn, requires Zn,

249,728,
58+7; hydrolysable Me, 13°5%; M, 446).

Methylzinc methoxide was found to sublime unchanged at 60°
(1074 mm.), but when heated under an stmosphere of dry nitrogen, it
disproportionated at its melting point leaving a residue which was
insoluble_in benzene; the residue was probably polymeric zinc methoxide.
Methylzinc methoxide dissolved readily in pyridine, but addition of
hexane caused no precipitation of a co-ordination complex, and removal
of all volatile materiasl under vacuum yielded the unchanged starting
material, (identified by infrared).

The colourless crystals of the compound rapidly became white and
opaque on exposure te air, and were rapidly hydrolysed by moisture.
The infrared spectrum recorded as a Nujol mull contained bands at:
1449s, 1370m, 1170w(sh), 1160m, 1058m(sh), 1022vs, 678vs(br), 546vs,
397s, 287s.

The proton magnetic resonance spectrum of the above compound in
benzene solution and in toluene solution using tetramethylsilane as an

internal standard, was recorded.
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Results in benzene solution at room_ temperature.

Peak 1 (doublet); Zn-Me; 7T 10:366 and 10407

Peak 2 (doublet); O-Me; T 6°842 and 6802
When the solution in toluene was heated, the Zn-Me doublet collapsed
over a range of about ten degrees and became a sharp singlet at 450.
The methoxy-doublet, in contrast, remained as such even at lOO°, and the
splitting of the components increased slightly from 0.0686p.p.m. at 23°
to 0-0873p.p.m. at 100°.

The density of the compound was determined by floatation on a
series of organic liquids and found to be 1*75g./c.c.  These

operations were carried out in the glove box.

Reaction of t-butanol with dimethylzinc, - formation of methylzinc
t~butoxide tetramer, (MeZnOBu 4

t-Butancl (0:89g., 12:Om.mole) in hexane (10 c.c.) was slowly

added to a solution of dimethylzinc (271 N c.c., 12-lm.mole) in hexane
(20 c.c.) cooled to -80°.  As the mixture warmed to room temperature
vigorous gas evolution occurred at about -400, and a élear solution
was obtained. The product was crystallised by cooling the solution to
-70°,  The white solid began to decompose without melting at
approximately 250°,

(Found: C, 38+9; H, 7-6; Zn, 42+8%; M, cryoscopically in 171,
2:43 wt. % benzene solution 595, 603, C20H48042n4 requires G, 39¢1;
H, 7-8; 2Zn, 42+6%; M, 612).

The product could be sublimed unchanged at 95° (10~%mm.) but when
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it was heated under an atmosphere of nitrogen, isobutene (identified
by infrared) was evolved at 270°. It was sufficiently stable to air
to permit combustion analyses by conventional methods, and was
decomposed only slowly by a boiling mixture of acetone and dilute
sulphuric acid.

Like the methoxide it was recovered unchanged from pyridine, and
the infrared spectrum recorded as a Nujol mull contained bands at:
1453s, 1370s, 1241s, 1179s(sh), 1174s, 1029m, 900vs, 754s, 675s(br),
544s(br), 463s.

The proton magnetic resonance spectrum of the compound in benzene

solution using tetramethylsilane as an internal standard, was recorded.

Resultg in benzene solution at room temperature.
Peak 1 (singlet); Zn-Me; ‘T 10-179.

Peak 2 (singlet); O0-Bu®; 7 8-698.

Reaction of t-butanol with diethylzine - formation of ethylzing
t-butoxide tetramer, ZEthOBuE)A.

A solution of t-butanol (1°39g., 18°8m.mole) was slowly added to

a solution of diethylzine (2:35g., 19+lm.mole) in hexane (30 c¢.c.) which
was cooled to -80°.  The'mixture was allowed to warm to room
temperature during which time gas evolution was observed. The
resulting clear solution was cooled to about -60o to crystallise the
product. The compound decomposed without melting at approximately
250°, but could be sublimed unchanged at 105° (10~%mm.). Like the

methyl analogue, it was hydrolysed by a boiling mixture of acetone and
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dilute sulphuric acid only very slowly, and was analysed for carbon
and hydrogen by normal combustion methods.

(Found: C, 42°7; H, 8+2; Zn, 388%; M, cryoscopically in 1°43,
286 wt., % benzene solution 691,680, 024H5604Zn4 requires C, 43+0;
H, 8°4; 2n, 39-1%; M, 668).

The infrared spectrum recorded as a potassium bromide disc
contained bands at: 1460m, 1418w, 1389s, 1370vs, 1242s, 1179vs, 1026w,

1010w, 967w, 926m, 903vs, 755s, 6lls, 540vs, 495w, 462m,

Reaction of isopropanol with diethylzine, - formation of ethylzinc

isopropoxide tetramer, EthOPrl)A.

A solution of isopropanol (0<6g., 10-Om.mole) in hexane (10 c.c.)
was slowly added to diethylzinc (1+23g., 10-Om.mole) in hexane (20 c.c.)
cooled to -60°.  Ethane was evolved as the mixture warmed to room
temperature, and the resulting clear solution had to be cooled to -80°
to cause crystallization of the white solid product. It melted with
decomposition at 258-260°, and became opagque at 190-200°,

(Found: Zn, 43+0; hydrolysable Et, 19:1%; M, cryoscopically in
1°51, 2+26 wt % benzene solution 599,632. Calc. for 020H4804Z11_4
Zn, 42+6; hydrolysable Et, 18-9%; M, 614).

The compound quickly decomposed in air, and was rapidly
hydrolysed by moisture. The infrared gpectrum recorded as a Nujol
mull contained bands at: 1439m, 1418w, 1370vs, 1342s; 1274w, 1235w,
1163m, 1136s, 11l7vs, 990m, 947vs, 926m(sh), 824vs, 613vs, 54lvs(br),
518vs(br).




A solution of 2-methoxyethanol (0-75g., 9+9m.mole) in hexane
(20 c.c.) was added to a solution of dimethylzinc (235 N c.c., 10°5m.mole)
in hexane (20 c.c.), cooled to -80°, Vigorous methane evolution
occurred at about —300, and removal of the solvent from the clear
solution yielded a liquid product. This was purified by vacuum
distillation (700/0-Olmm.), but only with difficulty since the compound
slowly decomposed under these conditions.

(Found: Zn, 41.8; hydrolysable Me, 9:5%; M, cryoscopically in
1-83, 2-29 wt. % benzene solution 624,631. 016H4008Zn4 requires Zn,
42°1; hydrolysable Me, 9:65%; M, 622), |

The infrared spectrum recorded as a liquid film between potassium
bromide discs contained bands at: 1449vs, 1389m, 1361lvs, 1333w, 1282m,
1235s, 1198s, 1160s, 11l24s(br), 1111s{sh), 1064s(br), 1025s(sh), 990m,

965m, 930w, 893s, 881ls(sh), 671lvs(br), 578s(br), 540vs(br).

Reaction of phenol with dimethylzinc, - formation of methylzinc
henoxide tetramer, (MéZnOPh)A.

A solution of phenol (0¢95g., 10°lm.mole) in benzene (5 c.c.) was
added to a solution of dimethylzinc (232 N c.c. 10¢4m.mole) in hexane
(30 c.c.) cooled to -80°, A vigorous gas evolution occurred as the
mixture warmed to about -300, with the corresponding formation of a white

solid. The mixture was warmed to about 60°, and the resultant clear
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solution allowed to cool slowly. Methylzinc phenoxide was obtained
as colourless prisms, m.p. 219-221° (decomp.). When heated under
vacuum, the product evolved dimethylzinc (identified by infrared) at
1209, and was decomposed rapidly by moisture.

(Found: Zn, 37°6; hydrolysable Me, 8°7%; N, cryoscopically in
1+77, 3+05 wt. % benzene solution 684, 720. 028H3204Zn4 requires 2n,
37-7; hydrolysable Me, 8°65%; M, 694).

The infrared spectrum of the solid recorded as a Nujol mull
contained bands at: 1587vs, 1493vs, li84vs, 1469s, 1283w, 1250m,
1220vs(sh), 1205vs, 1163s, 1153m, 1099w, 1075m, 1026m, 1000w, 975w,
835m, 826vs, 8l3vs, 760vs, 685vs, 62lm, 578m, 565s, 559vs, 552vs(sh),
546s, 516s(br).

The proton magnetic resonance spectrum of a solution of the
compound in D8-toluene using tetramethylsilane as an internal standard,

was recorded.

Results in Dg-toluene solution at room temperature

Péak 1 (singlet); Zn-Me; U 10-289.

Peak 2 (triplet); 0-Cglgs X 2981, 2945, 2-905.

Reactions of mephylzinc phenoxide with pyridine - formation of
methyl(pyridine)zinc phenoxide dimer, (MepyZnOPh)z.

To a solution of methylzinc phenoxide (1+0g., 5+8m.mole) in

benzene (15 c.c.) was added pyridine (3¢0g., 38<Om.mole), and the

mixture allowed to stand at room temperature. After several minutes
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colourless crystals were deposited, and more was obtained by the
addition of hexane (20 c.c.). The product was recrystallised from
benzene-hexane mixture, as small colourless prisms, m.p. 193—2000.
(Found: Zn, 25°8; hydrolysable Me,6'10%; M, cryoscopically in

N. 0, Z

1°10, 1-11, 134 wt. % benzene solution 513,515,520. 024H26 290485

requires Zn, 25¢9; hydrolysable Me, 5-94%, M, 505).

The complex was only soluble in benzene to an extent of about
2+5 wt, % at room temperature. The infrared spectrum recorded as a
Nujol mull contained bands at: 1613m, 1600s, 1493s, 1282vs, 1250w(sh),
1220m, 1163m, 1156m(sh), 1075m, 1042m, 1020m, 995m, 943w, 8835w, 8i4s,

820m, 769vs, 754s, 695vs, 653m(br), 633s, 625w, 563s, 52lm, 508m,

Reaction of dimethylzinc with acetoxime ~ formation of methylzine
acetoximate tetramer,ZMeZnON=GMe2)4.

To a solution of dimethylzine (224 N c.c., 10-Om.mole) in
diethylether (30 c¢,c.) at -100° was added acetoxime (0-8g., 10-6m.mole)
dissolved in ether {10 c.c.). Reaction occurred at about -800, and
the white solid,which was present when the solution was warmed to room
temperature, was filtered off. Ether was removed from the colourless
filrate by pumping under vacuum, and when the volume had been reduced
to about 10 c.c., the filtrate was cooled.to about -70°, and the

product was obtained as a white solid. It decomposed without melting

at 170°.
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(Found: Zn, 42°5; hydrolysable Me, 9°65%; M, cryoscopically in
1+64, 2:28 wt. % benzene solution 650,624. 016H36N404Zn4 requires 2n,
42+9; hydrolysable Me, 9-85%; M, 610),
The infrared spectrum recorded as a Nujol mull contained bands at:
1629m, 1449vs, 1370vs, 1274m, 1160m, 1081lvs, 1000vs, 966s(sh), 943m,

719w, 694V39 54Tm, 524m, 4355(br)~

Reaction of diethylzinc with 2,-dimethylaminoethanol - formation of
ethylzine 2,-dimethylaminoethoxide trimer, (EthOCHZGH2NMe2 )3

2, -Dimethylaminoethanol (0+90g,, 10-1lm.mole) was added t0 a
solution of diethylzine (1l°3g., 10+6m.mole) in hexane (25c¢.c.) at room
temperature. When the mixture was warmed to about 400, rapid
evolution of ethane occurred, leaving a clear colourless solution. White
crystals of the product, m.p. 148—1500 (shrinking at 1300) were obtained
by cooling the solution to ~70°.

(Found: Zn, 35+7; hydrolysable Et, 15°7%; M, cryoscopically in
1498, 2+24 wt. % benzene solution 547,560, u18h45w3u34n3 requires Zn,
35*9; hydrolysable Et, 15.9%; i, 547).

The product was recovered unchanged from a hexane solution
containing methyl iodide. It was identified by m.p. and infrared, the
spectrum containing bands at: 1449vs, 1379s, 1370m, 127/m, 1258w, 1250w,
1183w, 1163w, 1099m, 108lvs, 1070s, 1036s, 952s, 885s, 784m, 617m, 592m,
517m, 490m.
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Reactions with thiols

Reaction of methane thiol with dimethylazinc - formation of methyl
methylazine sulphide,(MeZnSMe),.

Methane thiol (225 N c.c., 10*lm.mole) was condensed into a
solution of dimethylzinc (240 N c.c., 10°7m.mole) in hexane (50 c.c.)
at -80°, Some gas evolution occurred at low temperature (-80°) but
became more rapid as the solution warmed. The white solid which was
precipitated was insoluble in hexane, and in benzene; it was therefore
filtered and washed with much hexane before pumping dry under vacuum,
The product a white powder, did not melt below 3600, but when heated
in vacuum it evolved dimethylzinc at 90°,

(Found: Zn, 51°0; hydrolysable Me, 11°5%. CoHSZn requires

Zn, 51-3; hydrolysable Me, 11+8%).

Reaction of methyl methylzinc sulphide with pyridine,

The product, although insoluble in benzene, dissolved readily in
pyridine, but addition of hexane failed to cause crystallization of
an adduct; only an emulsion was obtained. All of the solvent was
removed under vacuum leaving a colourless syrup which slowly lost
pyridine on pumping, leaving a white solid. The white solid was
shoun to be methyl methylzinc sulphide by its infrared spectrum, which
contained bands at: 1435s, 1321w, 116lm, 963m, 695m, 655vs, 525vs, 299s,
2258.
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Reaction of n-propyl thiol with dimethylzinc - formation of
methylzine n-propyl sulphide, (MeZnSPrd),.

A solution of n-propyl thiol (0:75¢., 9-9m.mole) in hexane (10 c.c.)
was added to a solution of dimethylzinec (230 N c.c., 10*3m.mole) in
hexane (30 c.c.) at —800. As the mixture warmed to room temperature
methane evolution occurred with the formation of a white solid which
was insoluble in hexane, and benzene. The product did not melt, but
disproportionated at 70° when heated under vacuunm.

(Found: Zn; 41°7; hydrolysable Me, 9-40%. C,Hy(S7n requires
Zn, 42+0; hydrolysable Me, 9°65%).

The infrared spectrum recorded as a Nujol mull contained bands

at: 1460vs, 1342v, 1299w, 1266w, 1250s, 1163m, 1099m, 106/m, 1031w,

909m, 787w, 723s, 719s, 654vs(br), 52lvs.

1go.ro "l:mctﬁ i21nc _sulj hlde hexamer,\MeZhorrl)é.

To a solution of dimethylzinc (224 N c.c., 10+Om.mole) in hexane
(50 coc.) cooled to -80°, a solution of isopropyl thiol (0-75g.,
3*9m.mole) in hexane (10 c.c.) was added. Methane was evolved as the
mixture warmed up to room temperature and a clear solution was obtained.
The solvent was removed under vacuum, and the white solid product
recrystallised from hexane as colourless prisms, m.p. 90-105°
(shrinking at 750). When heated under vacuum the product evolved
dimethylzinc at 950.

(Found: 2Zn, 4l°5; hydrolysable Me, 9*4%; M, cryoscopically in
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1-66, 1:97, 2:03, 2:49 wt. % benzene solution 942,942, 966,919.
C24H6086zn6 requires Zn, 42+0; hydrolysable Me, 9+65%; M, 934).
The infrared spectrum recorded as a Nujol mull contained bands
ats 1449vs, 1370vs, 1250vs, 1l56s, 1058s, 1053s, 922w, 885m, 669vs,
617m, 606m, 531s, 519s.

Reaction of t-butylthiol with dimethylzinc - formatlon of methylzinc
t-butylsulphide pentamer, fMeZnSBuﬂss

"To a solution of dimethylzinc (257 N c.c., 1lOm.mole) in hexane

(20 c.c.) at -70°, was added t-butyl thiol (1+0g., 1l*lm.mole)
dissolved in hexane (10 c.c.). IHMethane evolution occurred with the
corresponding formation of a white solid product. The mixture was
warmed to about 50° and the clear solution which was obtained allowed
to stand at room temperature. The product slowly crystallised as long
colodrless needles, m.p. » 3600, the crystals became white and cpaque
at 155-1600. when heated under vacuum, the product evolved
dimethylzine at 100°.

(Found: Zn, 38+4; hydrolysable Me, 8:9%; M, cryoscopically in
2¢49, 3405, 347 wt. % benzene solution 875, 846, 86l. C25 6QS,SZns
requires Zn, 36+6; hydrolysable Me, 8:9%; M, 847).

The infrared spectrum of the product, recorded as a Nujol mull
contained bands at: 1453vs, 1370vs, 1217w, 1l52vs, 1027w, 931w, 813m,
665vs(br), 586m, 566s, 531lvs.

The density was measured by floatation on a variety of organic
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solvents and found to be 1+39g./c.c.

Reaction of methylzinc t-butyl sulphide with ?z;idine, ~ formation of
methyl(pyridine)zinc t-butyl sulphide dimer, MepyZnSButjz.

An excess of pyridine (2g., 25°Om.mole) was added to a solution

of methylzine t-butyl sulphide (lg., 5+9m.mole) in benzene (10 c.c.)
Removal of all of the solvent under vacuum yielded a white solid which
was recrystallised from a benzene-hexane mixture as small white feathery
needles, m.p. 147-155° (decomp.).

(Found: Zn, 26°4; hydrolysable Me, 6°10%; M, cryoscopically in
087, 175 wt. % benzene solution 47C,481. 020534N2322n2 requires
Zn, 26°3; hydrolysable Me, 6°05%; M, 497).

The infrared spectrum recorded as a Nujol mull contained bands at:
1613s, 1577m, 1481s, 1449vs, 136ls, 1220s, 1156s, 1064s, 1037s, 1010s,
943w, 820m; 752s, 697vs, 676w, 654m, 639s(br), 625vs, 592m, 515s, 506s,
418m(br).

Reaction of t-butyithiol with diethylzinc - formation of ethylzinc
t-butyl sulphide pentamer, (EtanBut)s.

A solution of the thiol (0<80g., 6°*7m.mole) in hexane (10 c.c.)
was added to a solution of diethylzinc (1:15g., 9+3m.mole) in hexane
(20 c.c.) at -70°,  The solvent was removed from the clear solution
which was obtained after reaction had occurred, and the white solid
recrystallised from hexene at =70°. The crystals did not melt below

360°, but became white and opaque at 120°,
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(Found: Zn, 35°9; hydrolysable Et, 15:9%; M, cryoscopically in
2:67, 36/ wt. % benzene solution 940, 954. 030H7OS5Zn5 requires Zn,
35*7; hydrolysable Et, 15+8%; M, 917).

The infrared spectrum of the solid recorded as a Nujol mull
contained bands at: 1458vs, 1370vs, 1235w, 1220w, 1l56vs, 1027w, 1010m,
980m, 962m, 920m, 816m, 610s, 569s, 500s(br).

Reaction of thiophenol with dimethylzinc-~ formation of methylzinc
phenyl sulphide, (MeZnSFh),.

A solution of thiophenol (0-85g., 7+7m.mole) in hexane (10 c.c.)
was added slowly to a solution of dimethylzine (200 N c.c¢., 2+9m.mole)
in hexane (40 c.c.), the solution being vigorously stirred throughout
the addition. Reaction occurred at -80°, a white solid being
precipitated; the product was insoluble in benzene, and by removing all
solvent under vacuum it was obtained as a white powder, m.p. 186-203
(decomp.). When heated under vacuum the product evolved dimethylzinc
at 60°,

(Found: Zn, 34°3; hydrolysable Me, 7°75%. C7HSSZn requires Zn,
34'5; hydrolysable Me, 7°9%).

Methylzinc phenyl sulphide dissolved readily in pyridine although a
co-ordination complex could not be obtained by addition of hexane. Removal
of solvent left a colourless syrup which very slowly lost pyridine under
vacuum,

The infrared spectrum of methylzinc phenyl sulphide contained bands at:

1587m, 14883s, 1449m, 1158w, 1081lm, 1026s, 1000m, 901w, 735vs, 690vs, 675s,
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666s(sh), 526m, 472m.

Reaction of selenophenol with dimethylzinc -~ formation of

methylzinc phenyl selenide, (MeZnSePh)x.

To a solution of dimethylzinc (200 N c.c., 8+9m.mole) in hexane
(30 c.ceﬁ at -80°, was added selenophenol (1l-4g., &+9m.mole) in the
same solvent (10 c.c.). The mixture was stirred throughout the
addition, reaction occurring rapidly at -30°,  The white solid product,
was insoluble in hexane, and benzene; it melted with decomposition at
150-1950, and when heated in vacuum it evolved dimethylzinc at 500.

(Found: Zn, 27+4; hydrolysable Me, 6°1%. C7H88eZn requires
Zn, 27-7; hydrolysable Me, 6+4%).

The product dissolved readily in pyridine, but like the sulphur
analogue, no complex could be isolated.

The infrared spectrum of the compound contained bands at: 1582m,

1443m, 1152w, 1071m, 1024m, 1000m, 730vs, 683s, 667s, 526m, 460m.

Reaction of acetic acid with dimethylzinc - formation of methylzinc

acetate, (MeZnOOCMe)x.

Acetic acid (0°35g., 1l4°2m.mole) dissolved in hexane (10 c.c.) was
added very slowly to a solution of dimethylzine (377 N c.c., 16°8m.mole)
in the same solvent (30 c.c.) at -80°. Vigorous reaction occurred at
that temperature, and a white solid was precipitated.. The product
was insoluble in hexane and benzene, and melted at 204-2100 with

decomposition. When heated under vacuum, the compound evolved
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dimethylzinc at 75°. |
(Found: Zn, 46°7; hydrolysable Me, 10°6%, C4Hg0,2n requires
Zn, 46°9; hydrolysable Me, 10-8%).
The infrared spectrum of methylzinc acetate contained bands at:
1600vs, 1449s, 1408vs, 1348s, 1169w, 1053m, 1031m, 952w, 680s, 613m,
540s(br).

Reaction of methylzinc acetate with pyridine - formation of methyl
(pyridine)zinc acetate dimer, (MepyZnOOMe)z.

Pyridine (2-0g., 25*3m.mole) was added to & suspension of methylzinc
acetate (2'0g., 1l4*/m.mole) in benzene (20 c.c.), and the solid
dissolved to give a clear solution. Addition of hexane precipitated
a white solid which was recrystallised from benzene-hexane mixture as
very small white feathery needles, m.p. 106-108°.

(Found: Zn, 29+9; hydrolysesble Me, 6°9%; M, cryoscopically in
0+31, 1+62 wt. % benzene solution, 420,427. 016“22N2°42“2 requires
Zn, 29°9; hydrolysable Me, 6°9%; M, 436).

The infrared spectrum of the solid recorded as a Nujol mull
contained bands at: 1608m, 1562s(sh), 1550s, 1515m(sh), 1481m(sh),
1449vs, 1220m, 1156w, 1147m, 1071m, 1042m, 1010m, 943w, 760m, 698s,
683m, 654s, 650s(sh), 629m, 614w, 506s, 418m. The infrared spectrum
of the complex recorded in pyridine solution showed no band in the

1650-1750 cm-1 region, where C=0 would be expected to absorb.
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Reaction of dimethylphosphinic acid with dimethylzinc - formation of
methylzinc dimethylphosphinate, MeZnOOPMe2 <

A mixture of dimethylzinc (262 N c.c., 1ll*7m.mole) and
dimethylphosphinic acid (l-1g., ll*7m.mole) in hexane (50 c.c.) was
stirred overnight at 400. Reaction occurred very slowly and the product
was obtained as a white powder insoluble in both hexane and benzene.

The compound melted at 250-260° with decomposition, and when heated
under vacuum it evolved dimethylzinc at 1400.

(Found: Zn, 37°6; hydrolysable Me, 8°+6%. CBH902PZn requires Zn,
37+7; hydrolysable Me, 8°7%).

The infrared of the solid, recorded as a Nujol mull contained
bands at: 1470s, 1429s, 1316s, 1310s, 11l56vs, ll52vs, 1026vs(br),

926m, 870vs, 752s, 709m, 662vs(br), 535vs, 483m(br), 437m(br).

Reaction of methylzinc dimethylphogphinate with pyridine - formation
of methyl idi i i 1phosphinate dimer, (MepyZnOBﬂMeZ)Z.

Pyridine (4*0g., 50-5m.mole) was added to a suspensicn of
methylzinc dimethylphosphinate (l.5g., 8<7m.mole) in a benzene-hexane
mixture; the solid dissolved when the solution was warmed to about AQO.
By the addition of hexane, and cooling the solution, the product was
obtained as colourless crystals, m.p. 85-92° with decomposition
(shrinking at 70°).

(Found: Zn, 25°8; hydrolysable Me, 5:9%; M, cryoscopically in
0:98, 196, 2°75 wt. % benzene solution, 350, 406, 440. C16H N,O,P. Zn

287274272
requires Zn, 25+9; hydrolysable Me, 5.9%; M, 504).
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The infrared spectrum contained bands at: 1613s, 1493m, 1460s,
1429w, 1303s, 1299s, 1250w, 1220w, 1176vs, 1163vs, 1156s, 1143s, 1075s,
1053vs, 1042s, 1015m, 1010w, 862vs, 763s, 738s, 7lis, 702s, 654w,
638s, 623s, 5l4s, 472s(br), 455s(br), 444s(br), 418m(br).

The principal bands in the 2000-1000 cm"1 region of a solution of
the compound in pyridine were: 1307s, 1299s, 1176vs, 1058vs,

The infrared spectrum of a benzene solution of the product
contained bands at: 1605w, 1588w, 1449m, 1439m, 1307s, 1299s, 1183vs,
1163vs, 1062vs, 1042s(sh).

Reaction of diethylzinc with iodine - formation of ethylzinc iodide,
(EthI)x.

To a solution of iodine (2-50g., 9+9m.mole) in benzene (30 c.c.)
was added diethylzinc (1<25g., 10*2m.mole) in the same solvent. The
deep mauve colour of the iodine was immediately discharged leaving a
clear colourless solution. Removal of the solvent under vacuum yielded
a white solid which slowly came out of solution as very small satin plates
MeDs, 79° (decomp). The product was insoluble in hexane, and also
could not be redissolved in benzene after it had been pumped to dry it.
It rapidly turned yellow on exposure to air,

(Founds Zn, 274; hydrolysable Et,11-2%. CoHsIZn requires Zn,
29*5; hydrolysable Et,13-1%).
The infrared spectrum recorded as a Nujol mull contained bands at:

1225w, 1160m, 991m, 952w, 920m, 625s, 517m.
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Organometallation reactions

Reaction of acetone with dimethylzinc — attempted preparation of
methylzinc t-butoxide, (MeZnOBuv).

Dimethylzine (230 N c.c., 10*3m.mole) and acetone (0-60g., 103
m.mole) contained in a sealed glass tube, were heated at $0° for
approximately one hour. A yellow solid was formed, and on opening
the tube, methane (228 N c.c. 10°*2m.mole) was recovered. Methylzinc
t-butoxide could not be sublimed from the golid, and the latter was not

investigated further.

Reaction of benzophenone with dimethylzinc - attempted preparation
of methylzinc metgxldighenzlmethoxide,iMeZnOCPh2Me;.

Dimethylzinc (258 N c.c., ll*5m.mole), benzophenone (0°90g.,

5°0m.mole} and toluene (15 c.c.) were placed in a glass reaction tube
which was then evacuated and sealed off, The very pale yellow
coloured solution was heated at 120° for approximately twenty hours.

On opening the tuve dimethylzinc (256 N c.c.) was recovered, and alter
removing the toluene, the remaining crystalline solid was identified by

m.p. and infrared, as benzophenone,

Reaction of benzophenone with diethylzinc - formation of ethylzingc
diphenylmethoxide trimer,iEthOCHPh2)3.

Diethylzinc (2:40g., 19*5m.mole) was added to a solution of

benzophenone (1:80g., 9:9m.mole) in toluene (30 c.c.) and the resulting
pale yellow solution refluxed overnight. The solvent was removed under

vacuum leaving a very viscous liquid which dissolved readily in hexane
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(40 c.c.). When the golution was cooled to about -500, the product
was obtained as small white crystals; these were filtered and washed
several times with hexane at -80o before pumping dry. The product
melted with decomposition at 156-158° after shrinking at 130°, and was
rapidly hydrolysed by moisture. Benzhydrol was identified as the
hydrolysis product by carbon and hydrogen analyses, m.p., and its
infrared spectrum.

(Found: Zn, 23°4; hydrolysable Et, 10+/%; M, cryoscopically in
2+15, 303 wt. % benzene solution, 341, 865. 045H4803Zn3 requires
Zn, 23+6; hydrolysable Et, 10°5; M, 833),

The infrared spectrum of the product recorded =2s a Nujol mull
contained bands at: 1587w, 1493m, 1449vs, 1351w, 1190m, 1087w, 1031w,
1000m(sh), 990s, 962w(sh), 926w, 917m, 860m, 768s, 74ls, 70ivs, 696s,

666m, 621ls, 612s, 575w, 505m, 46Tw(br).

Reaction of benzophenone with dinhen¥lzinc - formation of phenylzinc
triphenylmethoxide dimer, (PthOCPh3)2.

A golution of diphenylzinc (1+7g., 7-7m.mole) and benzophenone
(0-7g., 3+9m.mole) in toluene (25 c.c.) was refluxed for-about thirty
hours, After removing the solvent under vacuum, the white solid which
remained was washed with cold benzene (2x10c.c.) to remove the excess
diphenylzinc, and finally recrystallised from the same solvent. The
product melted with decomposition at 236-242°.

(Found: Zn, 16°1l; hydrolysable Ph, 19-0%; M, cryoscopically in
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2:98, 4°18 wt. % benzene solution, 785,760. 050H4002Zn2 requires
Zn, 16°3; hydrolysable Ph, 19-2%; M, 803).

Hydrolysis of the product yielded triphenyl carbinol which was
identified by carbon and hydrogen analyses, m.p., and its infrared
spectrun,

The infrared spectrum of the product recorded as a Nujol mull
contained bands at: 1600w, 1575w, 1481lm, 14/9vs, 1198w, 1156m, 1149m,
1075w, 1042w, 1032m, 1010s, 917w, 90lm, 780m(sh), 769s, 763s, 752s,
725m, 699vs, 676w, 662w, 645m, 637m, 546w, 483w, LO5w.

Reaction of diethylzinc with phenylisocyanate - formation of
N-ethylzinc~N-phenyl-propionamide tetramer, (EthNPhZC:O)Et)A.

A mixture of diethylzine (le2g., 9+8m.mole), phenylisocyanate

(1-1g., 9*7m.mole), and benzene (25 c.c.) was refluxed for two hours
after which the solvent was removed under vacuum. The white solid
which remained was recrystallised from hexane as small colourless prisms,
mep. 148-160 (decomp. shrinking at 130°).

(Found: Zn, 26*7, hydrolysable Et, 11°8%; M, cryoscopically in
2:06, 247 wt. % benzene solution, 984,968. CAABéoNAOAZnA requires
Zn, 27°0; hydrolysable Et, 12:0%; M, 970).

The infrared spectrum recorded as a Nujol mull contained bands at:
1562vs, 1538s(sh), 1493w, 1389s, 1361s, 1250m, 1222m, 1170w, 1149w,
1081m, 1070m, 1026w, 1000m, 990w(sh), 952w, 926s, 813m(br), 797m, 758s,
719w, 696s, 658m, 606m, 565m, 508m(br), 417w(br).
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Hydrolysis of the product yielded propionanilide which was
identified by carbon and hydrogen analyses, m.p. and its infrared
spectrum. An identical compound to that described above was obtained
from the reaction of diethylzinc and propionanilide, the product was
identified by its m.p. =nd infrared spectrum; it wag also tetrameric in

benzene solution.

Reaction of diphenylzine with phenylisocyanate - formation of
N-phenylzinc-N-phenyl-benzamide tetramer, (PthNPhiC:O)Ph)A.

Diphenylzinc (1-7g., 7-8m.mole), and phenylisocyanate (0°93g.,

7+8m.mole) were refluxed in benzene (40 c.c.) overnight. The solvent
was removed under vacuum, and the white solid recrystallised from benzene
as small colourless broad needles, m.p. 220-254° (decomp., shrinking at
190°).

(found: Zn, 19-1; hydrolysable Ph, 22+5%; M, cryoscopically in
2:96, 3+71 wt., % benzene solution, 1398,1379. C72H60N4042n4 requires
Zn, 19°3; hydrolysable Fh, 22+8%; M, 1354).

Hydrolysis of the product gave benzanilide which was identified by
carbon and hydrogen analyses, m.p., and its infrared spectrum.

The infrared spectrum of the product contained bands at : 1585m,
1538s(sh), 1529vs, 1493s, L449vs, 1418m, 136lvs, 1316w, 1299w, 1242m,
1130m, 1075m, 1031m, 926m, 917m, 807w, 778m, 746s, 699vs, 680m, 671s,
629w, 614w, 513m(br), 444m(br).

Reaction of methylisocyanate with dimethylzinc - formation of
N-trimethylisocysnurate, ZMeNGBTB.
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Dimethylzine (224 N c.c., 10°Om.mole) and methylisocyanate
(220 N c.ce, 9°8m.mole) were condensed into a reaction tube containing
benzene (25 c.c.). After evacuating the nitrogen, the tube was
sealed, and the contents allowed to warm to room temperature. After
about forty eight hours the tube was opened and dimethylzinc (223 N c.c.)
was recovered, together with a crystalline solid which was purified
oy vacuum sublimation. The compound melted over the range 110-1630-

(Found: C, 41°9; H, 5-2%; M, cryoscopically in 088 wt. % benzene
solution, 164. Cale. for 06H18N303: C, 42°1; H, 5+25%; M, 171).

The infrared spectrum of the solid recorded as a Nujol mull

contained bands at: 1689vs, 1316m, 1053m, 943m, 758s, 752s, 483m, 420s.

Reaction of ethylisocyanate with diethylzinc - formation of
N-triethylisocyanurate,

A mixture of diethylzine (1+2g., 9+fm.mole), ethylisocyanate
{0+70g., 9°9m.mole) and hexane (40 c.c.) was maintained at room
temperature overnight. Removal of all veclatile material yielded a
white solid product which was purified by vacuum sublimation. It
melted at 86-90°.

(Found: C, 51+0; H, 7+1%; M, cryoscopically in 0-80 wt. % benzene
solution, 204. Calc. for 09H15N303: C, 50°7; H, 7.05%; M, 213).

The infrared spectrum of the solid recorded as a Nujol mull
contained bands at: 1692vs, 1328s, 1093m, 1070m, 1005m, 877s, 810m,

762vs, 754s(sh), 719w, 506s, 495s, 454m.
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Reaction of phenyl cyanide and dimethylzinc - formation of
triphenyl triazine,ZPhCN)B.

Dimethylzinc (485 N c.c., 21<2m.mole) and phenyl cyanide (1°0Og.,

9+5m.mole) were heated together in a sealed tube at 100-110° overnight.
4 green liquid containing large needle-like crystals was obtained. On
opening the tube, dimethylzine (479 N c.c.) was recovered, and the
solid, after washing with cold benzene, was recrystallised from the same

151

solvent as very pale yellow needles, m.p. 235-263° (Lit., 2320)

(Found: C, 81<2; H, 4°95%. Calc. for C N: C, 81l+6; H, 4+85%),

1815
The infrared spectrum (below 2000 cm'l) recorded as a potassium

bromide disc, contained bands at: 1589m, 1527vs, 1447m, 1366vs, 1299m,

1175m, 1145w, 1070m, 1029m, 1000w, 971vw, 938w, 926vw, 840m, 742vs,

692m(sh), 683vs, 6445, 481lm.
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DISCUSSION

As indicated in the introduction, the "internal% co-ordination
complexes of Group II organo-metallic compounds have not been studied
in detall, and very little is known about their constitution. Zinc
alkyls have been used to determine "acidic" hydrogen in a variety of
organic compounds by measuring the volume of hydrocarbon produced

. . 152  in s .
during the reaction. Similarly, relative rates of reaction of
several dialkylzinc compounds with p-toluidine hsve recently been
112 . , s . .
reported. In both of the above studies, the zinc-containing
products were not isolated. Various workers have isolated such products

. . . . 107
from the reactions between zinc alkyls and various alcohols and
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anines; however, only the empirical formuiae were established.

The intersst in compounds of the type, RZnd lies in the fact that
if monomeric they would contain co-ordinatively unsaturated zinc atoms
bound to donor atoms of enhanced donor cheracter, the increase in
donor character depending on the polarity of the Zn-A bond.  The
species would therefore be expected to associate in order to satisfy
the co-ordination expansion requirements of the zinc atom. All of
the compounds of this type which have been investigated in the present
study have been found to be associated. Several compounds have been
found tec be associated to a degree which, in view of the previous
knowledge of Group ILL "internal" co-ordination complexes, seems

surprising.
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fhe difference must be due to the fact that the zinc compounds, even
after association, sometimes contain co-ordinatively unsaturated metal
atoms. The present investigation was undertaken to determine what
effects thig factor has on the behaviour and structure of compounds of
this type.

With regard to the nature of the compounds which have been
prepared, all except the alkylzinc t-butoxides are sensitive to
moisture. The apparent stability of the latter compounds is
discussed later in connection with their structures. Attempted
sublimation of many of the products resulted in their disproportionation,
in which volatile zinc alkyls were evolved leaving an involatile and

presumably polymeric bis-compound.

2(RZnA), —> nZnR, + n(Znh,)

The disproportionation process probably involvesg an intermolecular
condensation of molecules containing three co-ordinate zinec. Compounds
which contain four co-ordinate zinc, e.g. ZnMe2-L (where L =

2,2  -bipyridyl, l,lD—phena.nthroline,66 and NNN'N'-tetramethyl-
ethylenediamine) all sublime without decomposition.

Since disproportionation of the compounds which apparently contain
co-ordinatively unsaturated zinc occurs quite readily (50—1500), the
melting points which are quoted are probably better described as
decomposition temperatures, or melting points of partially decomposed

materials.
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Reactions with amines.

The reactions between zinc alkyls and secondary amines occur only
slowly at room temperature, and were therefore usually done at
temperature of 50-700. The nature of the product evidently depends
on the particular amine involved in the reaction, e.g. in its reaction
with dimethylzinc, dimethylamine afforded bisdimethylaminozine,
(MezN)2Zn, together with unreacted dimethylzinc., The product is
involatile and insoluble in strong donor solvents, e.g.
dimethylformamide and pyridine. It did not dissolve in benzene
solutions of 2,2’-bipyridyl, and had a very high decompogition
temperatiire (2700). In view of its properties bisdimethyleminozinc
can reasonably be assumed to be a co-ordination polymer having the

structure shoun below.

NMe NMe

’ \2 ~ 2
\\Azn/// \“‘an’ \\$
e ~_ '//// \g\\ e
L , NMe2 NMe2

4 x
Evidently the donor character of the dimethylamino-group when bound to

zinc is so enhanced that even bipyridyl causes no displacement. An
attempted preparation of (Me2N)2Zn bipy from the dimethylzinc complex,
MeZZn bipy and dimethylamine at 800, yielded only black, involatile
and insoluble material in addition to methane. It is not known

whether the bisamino-compound is formed by disproportionation of
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(MeZnNMez)n, or by further reaction of this with dimethylamine. The
latter is unlikely since the recenﬂydescribed ethyl(diethylamino)zinc
is said to be stable in the presence of excess diet.hylamine.113

The structure of the involatile, insoluble bisdimethylphosphinozinc
is probably analogous to that described for bisdimethylaminozine.

The fact that dimethylphosphine did not react with dimethylzinc at
llOO, yet reacted slowly at 950, can be explained on the basis that
the co-ordination complex is too highly dissociated at that
temperature, and on the assumption that the methyl groups of free
dimethylizinc have insufficient anionoid character to react with the
P-H bond of dimethylphosphine. The anionoid character of the
CHB-Zn groups would be increased by co-ordination of the metal with
an electron donor.

An alkylaminomethylzinc complex was obtained from dimethylzinc
and NNN,— trimethylethylenediamine; it sublimes under vacuum without
difficulty and without decomposition. The product has a sharp
melting point and is dimeric in benszene solution, The stability of
the product to disproportionation may be attributed to the zinc being
four co-ordinate, the ligand functioning as a bidentate donor. The

structure (fig.l) is thought to be analogous to that proposed for a

previously described methylberyllium complex.
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| CHMeN  Me
| /Zn
CHMeN”  NMeCHp

Zn

Fig.|
With diphenylamine, dimethyl- and diethyl-zine yield products
which cannot be formulated with anything other than a structure
(shown below) in which the zinc atoms are three co-ordinate, forming

part of a four-membered Zn-N ring.

s
MeZn’/// :::onMe
¥\\N
Ph2
Although four-membered rings are quite common in inorganic
chemistry due to the differences in atomic siies and the easier

95

distortion of valence angles of heavier elements, such a ring
would be expected to be subject to valence angle strain. Evidence
for such strain is found in the unusual complexes of nickel with

triazines. The complexes are monomeric in boiling benzene and are
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formulated as having the following structures

The complexes dimerise in concentrated solution and at low temperature;
it is suggested that the process is one of rélieving ring strain by
ring opening and cross—linking.l5.3 A similar explanation has been
put forward for the observation that the amino derivatives of

Group III organo-metallic compounds, e.g. (MezAlNMe2)n, are dimeric in
benzene golution but form glassy solids when solveht free. | It is
thought that by ring opening and cross-linking, cyelic oligomers are

formed in the golid state.86’88

The zinc compounds show no
molecular weight trend with concentratioﬁ; and in the solid stéte they
are stable crystalline solids. The zinc atoms can therefore
apparently withstand congiderable valence angle strain,

The pregence of co-ordinatively unsaturated zinc in the
alkyl(diphenylamino)zinc compounds is reflected in the fact that they
disproportionate when heated, and methyl(diphenylamino)zinec reacted

with an excess of pyridine to give diphenylamino(methyl)bispyridineszinc,

MeprZnNth, which is monomeric in benzene, and which must surely


http://diphenylami.no
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‘have the following structure:

EY\\\kzn////Fb
py“///’ \\\\NPh

R

The bright yellow colour of the compoﬁnd may be attributed to a
charge transfer process in which an electroﬁ from the Zn-C bond or
possibly from the thN group is promoted to the lowest anti-bonding
orbital of the pyridine rings. The very dark red colour which was
obtained by adding 2,2 ~bipyridyl to a solution of methyl(diphenylamino)
zinc may be similarly explained; the diphenylamino-group is almost
certainly involved in the charge transfer process since the bipyridyl
complex of dimethylzinc is yellow.

The reaction of methyl(diphenylamino)zinc with 2,2/-bipyridyl
was found to be peculiar in that different coloured products giving
different analyses could be obtained by crystallising at different
rates. For example, by very slow crystallisation, dark red crystals
were Obtained which contained about 90% MeZnlNFh bipy.  The estimate
is based on the analysis for hydrolysable methyl. Rapid crystallisation
afforded buff-coloured crystals and a pale brown filtrate. The
erystals redissolved in the filrate when heated, to give the dark red
golution characterigtic of the bipyridyl complex described above, It

~was concluded that a disproportionation reaction was competing with
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the normal addition reaction thus:

: bi idyl
MeZnliPh,, e MeZaNPh, bipy
slow crystallisation dark red
bipyridyl
fast crystallisation

Me ,Znbipy +  (Phyll) Znbipy
.2, A 22

remaing in filtrate buff colour

The above was confirmed by reaction of methyl(diphenylamino)zine with

one molar equivalent of pyridine in benzene solution. Very pale

yellow crystals of bisdiphenylaminobispyridinezinc, py2Zn(NPh2)2 slowly
crystallised from golution. The presence of dimethylzinc in the filtrate
was evident from the effect of admitting a trace of air.  Complete

disproportionation had taken place according to the equation: .

MeZnNFh, + 2py —> Me Zn + pyzzn(Nth)

R 2
In view of the disproportionation of (MeZnlNPh,), under the
influence of bases, the unsatisfactory analytical data for the bipyridyl

complex is hardly surprising.

Reactions with alcohols.

The reaction between zinc alkyls and alcohols is extremely rapid

at room temperature, but by the slow addition of alcohol to g dilute
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solution of zinc alkyl cooled to -800, and with vigorous stirring as
reaction proceeded, compounds of the type RZnOR were obtained, For
gimilar reasons to those discussed in connection with the organozinc
amides, the products would be expected to be associated by relatively
strong co-ordination. In the absence of complicating factors, the
alkylzinc alkoxides would be expected to be dimers analogous to the
amides, The formation of dimers would be favoured relative to that
of trimers, tetramers, or more associated species on entropy grounds,
i.e, the number of independant molecules per unit mass would tend to
a maximum. The objections to the dimeric structure are first that
it involves three co-ordinate (and still co-ordinatively unsaturated)
zinc, and secondly that both the oxygen and, more particularly, the
" metal atoms would be subject to some degree of angular strain. |
Neither objection can be of overwhelming importance as the nitrogen
analogues have been prepared, and are discussed above. Also |
dimeric alkylmetal alkoxides of Group IIT are known, and
methylberyllium methoxide has been shown to be dimeric;lOl the latter
compound would not be expected to tolerate valence angular strain as
easily as the zinc analogue.

Almost all of the alkylzinc alkoxides prepared during the present
investigation are tetrameric in benzene solution and can reasonably be
assumed to have eight-membered cyclic structures; there are several

possible conformetions of the latter (fig.2) assuming the C-Zn-0
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‘angles are about 120° and the Zn-0-Zn angles about 105-1100.
However since the zinc atoms can obviously tolerate angular strain,

the cubic structure (fig.2) should also be considered.

\Z \
n Zn ‘
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0B \cl>\/<5 ~7h B
/Z{\ -2y /Z{‘] ~Zn Ol "p\z —
\O lo\ \O\}—(-Zn/ K \Zln—qo_"
/ \Zn ’
l
Zn--Zn trans, trans Zn---Zn trans, cis OO0
O———7n ——7n
O
0] In—1 Zn Cf
Zn— -0 l Zn\o V ‘
// / : Zn———lO
g—2n O—7 v 4
F}gﬁl

The cubic structure has thé édvantage of bringing positive and negative
centres relatively close together, and if there is some degree of
interactibn between adjacent zinc and oxygen atoms, shown as ﬁon—
bonded in Fig.2, this would have the effect of increaging the
effective co~ordination number both of zinc and oxygen. Indeed,
methylzine methoxide and the alkylzinc t-butoxides behave as if the
zinc atoms are four co-ordinate, e.g. they can be sublimed unchanged
and also they are recovered unchanged from solutions containing
pyridine., It is likely that the six possible formg of the cubic

structure would interconvert rapidly, ih which case the time-average
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étructure would be cubic. This is analogous to the structure of the
phenylaluminium enilide tetramer (PhAlNPh)A, the cubic structure of
which has been confirmed by X~ray diffraction methods.90 The cubic
structure of thallium methoxide has also been confirmed by X-ray
structure analysis, although it is thought that it is better described
ag a distorted cube consisting of two interpenetrating tetrahedra
of different sizes.lsZP Dr. H.M.M. Shearer and Mr., C. Spencer of
this department are alt present carrying out an X-ray crystallographic
study of crystals of methylzinc methoxide. Observations have shown
the crystals to be orthorhombic of gpace group P212&21 with unit cell
dimensions a = 748, b = 767, ¢ = 29°41X. From these data and from
the measured density (1-75gm. c.c.-l) there are four tetramers in the
ﬁnit cell,

The proton magnetic resonance spectrum (60Mc./s.) of methylzinc
methoxide in benzene solution consists of two double peaks, one due to
Zn-Me at T10°366 and 10°407, and the other at V6842 and 6+802,

The components of the Zn-Me doublet are of about equal intensity and
the splittiﬁg is very slightly less in toluene (0°*036p.p.m.) than

in benzene (0°041l p.p.m.). The components of the methoxy-doublet
are unequal and the splitting is a little greater in toluene than in
benzene. When the solution in toluene is heated, the Zn-Me doublet
collapses over a range of about ten degreecs and becomeg a sharp
singlet at 450. The methoxy-doublet, in contrast, remains as such

even at 100°. The proton magnetic resonance spectrum of the tertiary
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.butoxide (MGZHOBHt)4 consists only of two sharp single peaks, one due
to Zn-Me at T 10°179 and the other due to -0Bu’ at V78698, These
results ﬁay indicate that igomeric forms are accessible to the
methoxy compound but denied to the t-butoxy-derivative on account of
steric hindrance. : However it is difficult to accommodate the

fact that the methoxy doublet does not collapse at high temperature.
If isomeric forms were being interconverted at high temperature then
all of the methyl groups, whether bound to zinc or oxygen, would be
expected to be affected to the same degree,

Alternatively it may be argued that a disproportionation process
occurs in solution to give dimethylzinc and oligomeric zinc methoxide.
This is doubtful since the solid does not disproportionate until about
2000, and it can also be recovered unchanged from a benzene solution
to which pyridine has been added. If an equilibrium mixture of the
type suggested above were present in solution, the pyridine would be
expected to complex with either or both of the products and>so drive
~ the dispr0portionation to completion,

A remaining possible explanation of the unexpectéd proton
magnetic resonance spectrum of the methoxy compouhd ig that of
intramolecular alkoxide exchange, similar to that proposed for the
trimeric form of aluminium iso-propoxide. It is thought that
alkoxide exdhange in the latter compound occurs by the formation of
another Al-O bridge giving sn intermediate structure which 1s more

easlly represented by a dimeric aluminium alkoxide.
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This is followed by fission of one of the bridging Al-O bonds, and

reformation of the normal dimeric structure having only two bridging
1

alkoxide groups. 53 It is conceivable that a gsimilar exchenge

could take place disgonally across the cube of methylzinc methoxide,

(Fig.3).

/ln \OR \O'R ﬁn‘ \O‘R
3 z 3 Zn3/
R R R
Fia.3

The process may involve rupture of the bond between oxygen(l’) and

zine (2), the oxygen atom co-ordinating to zine (3). This is followed
by the rupture of the bond between oxygen (2’) and zinc (3), and a
similar fission of the bond between oxygen (1°) and zinc (4)y Finally
the cubic structure is reformed by formetion of bonds between oxygen (2/)

and zine (4), and also between oxygen (1’) and zine (2). If the
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process occurs sufficiently slowly then the magnetic non-equivalence
of methyl groups bound to atoms which are directly involved in the
exchange would be expected to produce splittings in the proton
resonances. However, the fact that the Zn-Me doublet collapses at
high temperature while the 0-Me doublet remainsg as such is perplexing,
and attempts to explain the experimental obgervations must be regarded
as speculative until the structure of the compound is known. The fact
“that methylzinc t-butoxide gives a proton magnetic resonance spectrum
congisting of two singlets is consigtent with the above postulate
since exchange of such bulky groups would be sterically hindered.
The lack of evidence for alkoxide exchange within dimeric aluminium
t-butoxide has been similarly explained. °

In connection with the stability of alkylzinc t-butoxides
towards moisture, the steric effects of the bulky t~butoxy groups must
be important. It is likely that the zinc atoms are so well shielded,
that the water molecules cannot co-ordinate easily. As a'éonsequence,
the hydrolysis of the zinc~carbon bond is an extremely slow process.

Methylzinc phenoxide tetramer behaves quite differently from
the alkoxides. It disproportionates when heated (1200), and with

pyridine forms the dimeric adduct, methyl(pyridine)zinc phenoxide.

P
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The hehaviour of the phenoxide may be attributed to the weaker donor
character of the oxygen when bound to a phenyl group than when bound to
an alkyl group. Another_factor which must be considered is that the
oxygen valence bond angles tend to be larger when bound to aromatic
ring systems., It is though that the C - 0 bonds aquire some double
bond character by partial delocalisation of the lone pair electrons into
the aromatic system, and the bond angle increasges to greater values than
the tetrahedral angle (compare 1080 and 124o in Et20 and Ph20 respectively).95
The phenoxy group is therefore a less powerful donor and the oxygen

atom would be expected to be subject to more valence angle strain than
in the cofresponding alkoxy compound. It is likely that if the
methylzinc phenoxide has a cubic structure, it is only weakly held
together, and the zinc atoms approach three co-~ordinate rather than

four co-ordinate behaviour. The proton magnetic resonance spectrum of
the compound in fully deuterated toluene consists of a sharp singlet due
to Zn-Me at T 10°289 and a triplet due ﬁo phenyl groups.at.’F2'98l,
2945 and 2°905.

The liquid product (MeZn'O-CH2°CH2.OMe)4, from dimethylzinc and
2-methoxyethanol, evidently resembles the other tetrameric alkoxides,
the alkoxy-oxygen atoms being co-ordinated to the metal in preference
to the ether oxygens. Zinc alkyls form co-ordination complexes with
ethers (relatively unstable with simple,62 but much more stable with

3,69

chelating, ethers), and the product may therefore have been expected
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£o be dimeric, However, the acceptor character of the metal is likely
to be enhanced by replacement of one of the carbon atoms by the more
electronegative oxygen, and also the donor character of oxygen is
enhanced when one of the carbon atoms of an ether is replaced by a more
electropositive atom, e.g., a metal, It is not sgrprising therefore
that the ether oxygen atomg are not involved in co-ordination and the
structure may be regarded as a‘cubic arrangement of the eight-membered
Zn-0 ring with the ether chain protruding from the corners of the cube,
This is not unreasonable since the compound EtzAl'O‘CH2-0H2~OEt is
formulated with the structure shown below, rather than as a chelate

93

mononmer .,

0+CH

Bt-ALl :
AN

0-CH

2.GH2' O.Et

AlEt2

Z-CHZ-OEt

The reaction between diethylzinc and acetoxime has been described
previously and although ether soluble ethylzinc acetoximate was obtained
as a crystalline solid, no molecular weight datsa were recorded.lll
Methylzinc acetoximate was prepared in the present investigation in order
to determine its molecular weight. The crystalline product was found
to be tetrameric in benzene solution, and can therefore be formulated
with either of two structures. The tetramer may have the cubic

arrangement of the eight-membered Zn-0 ring similar to that propoged for

the alkylzinc alkoxides. This would mean that the —N=GMe2 groups
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would protrude from the corners of the cube in the séme way as that
suggested for the ether side chains in the 2-methoxy-ethoxide. The
low symmetry of such a molecule is probably responsible for the fact/
that methylzinc 2-methoxy-ethoxide is a liquid., Methylzinc acetoximate
ig a crystalline solid and therefore much more easily packed into the
crystal lattice. The infrared spectrum of the compound contains a
band of medium intensity at 1629 cm.—l which is in a region where one
would expect a stretching vibration of the 7 C=N- group to occur.

This compares with 1669 cm-l in acetoxime. The ghift in )C=N-
stretching frequencybcould conceivably be due to the nitrogen being
co-ordinated to the zinc., In this case, a tetrameric structure may be
explained by the interaction of two gix-membered rings as shown in Fig. 4.
This is reasonable in view of the apparent stability of the cubic

arrangement of eight-membered Zn-0 systems.

O—N
o—n 2 o—2
MeZni ZnMe —— F i
i ) L] . ]
‘ [ﬁl © | O\N——in/
CMe,

Fig4

_The crystalline product obtained from diethylzinc and
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2-dimethylaminoethanol was found to be trimeric in benzene solution,
The product does not form a quaternsry salt with methyl iodide, showing
that the dimethylamino- groups are chelated to the zinc atoms, A
dimeric structure analogous to the product from dimethylzinc and
NNN - trimethylethylenediamine (fig. 1) would reasonably have been
expected. However the molecular weight data obtained in benzene
golution exclude this possibility. It is likely that the structure
congists of a six-membered Zn-0 ring, with the dimethylamino- groups
chelated to adjacent zinc atoms, The preferred orientation of the
six-membered ring can only be determined by a X-ray structural analysis,
but it seems likely that the 'bost! form will be preferred since
initially.this would have the effect of bringing an oxygen and zine

atom close together,

Oxcom=voome-- -2

N

Zn-0

Once formed, the 'boat! form could not interchange with the 'chair!

form due to the chelation of the dimethylamino- groups. An unusual
feature of the infrared spectrum of this compound is that it contains
two bands due to Zn-CH2 rock, and two bands due to Zn--CH2 stretch., The
bapds occur at 617, 592 cm*l, and 517, 490 cm"l respectively., If

such 'stem—-stern' interaction occurred in a 'boat' form of the Zn~0 ring,

the result would be that the ring would contain three zinc atoms, one
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of which would be in a different co-ordination environment., Although
this would explain the infrared evidence, a complete X~-ray analysis

would be required to confirm the structure,

Reactions with thiols.

In marked contrast to the dimethylmetal methylsulphides of

Group III, all of which are dimerico2r 9185

77

except the boron compound
which is monomeric, ' zinc alkyls reacted with a variety of thiols to
yield polymeric products ag well as a hexamer, and a pentamer.
Dimethylzine reacts with the thiols R’SH(R'= Me,Pr™,Ph) to give
products of empirical formula, MeZnSR, which are insoluble in benzene
and are assumed to have polymeric‘structures. The productsall behave
as if they contain three co-ordinate zinc since fhey disproportionate
with evolution of dimethylzinc when heated at 90°(R'= Me), 70°(R’= Pr™),
60°(R’= Ph). The product, (MeZnSePh)x, from dimethylzinc and
selenophenol is also ingoluble in benzene and disproportidnates at 500.
A1l of the compounds digsolve réadily in benzene to which pyridine has
been added, giving mobile golutions. A depolymerisation process must
take place, bulb attempts to isolate the pyridine adducts failed since
only syrupswere obtained except in the cage of the methylthio- |
derivative., This digsolves in pyridine but the ligand is lost slowly

under reduced pressure:

<—_~_

(MeZnSMe)X — B (MepyZnSMe)n
vacuum
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With branched chain thiols quite different products are obtained,
dimethyl- and diethylzinc with t-butylthiol afford pentamers,
(RZnSBut)B, and dimethylzinc with iso~propylthiol affords a hexamer, ,
(MeZnPri)é. A1l of these compounds disproportionate when heated,

and methylzinc t-butyl sulphide, (MeZnSBut) , with pyridine affords

5
the diﬁeric crystalline complex, (MepyZnSBut)z. The structure is
probably analogous to that described for methyl(pyridine)zinc
phenoxide, For reasons discussed in connection with the alkoxides,
the products exemplified by RZnSR would be expected to be dimeric.
The zinc atoms can apparently withstand angular strain (see organozinc-
amides,), and the existence of the dimeric Group 1II analogues, €.g.
(MezMIIISMe)2 confirmsg that the sulphur atoms can also tolerate such
strain., The organo-zinc sulphides behave ag if they contain
co~ordinatively ﬁnsaturated zinc, and this may be the reasgon for
apparently extensive polymerisation. ' The fact that the organozinc
diphenylamides also contain co-ordinatively unsaturated zinc yet
remain as dimers is probably due to the nitrogen atoms already being
four co-ordinate, and any further co-ordination by cross-linking
would have the effect of raising their co-ordination to five,

The unexpected degrees of association of thio- compounds may be
explained on the basig of a polymeric reaction intermediate.

88
Beachley and Coates have suggested that this may be important and

should be taken into congideration. Thus by intermolecular
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elimination of hydrocarbon a polymeric product is isolated, unless
such influencing factors are present which can reduce the polymer to
oligomers., With the straight chain thiols, e.g. MeSH and PrnSH,
and thiophenol, the product remaing polymeric. However, steric
factors are presumably important, and with the branched chain thiols,
.8, PriSH, and ButSH, the polymeric products are broken down until a
unit is attained which can accommodate the bulky groups withéut too
much steric interaction. Bradley156 hag emphagised the importance of
the steric effects of alkjl groups on the degree of polymerisation
of metal alkoxides, and for an extensive series of metal
amylalkoxides has shoun that the degree of polymerisation decreases
with increase in branching of the amyl- group.

Though no trend of molecular weight with concentration‘was
apparent in the cryoscopic data (benzene solution) on the hexamer and
pentamers, additional evidence in support of these unusual degrees
of agssociation was required, Dr. H.M.M. Shearer and Mr. G. Adamson
of this department are at present carrying out an X-ray structural
analysis of MeZnSBut and report that the monoclinic crystals have the
unit cell dimensions: a = 959, b = 39:04, ¢ = 12-133, /3 = 11’7o 08"
From these data and the measured density (1°39gm. c.c._l) the unit cell
contains twenty monomer units. The space group is le/c, the unit
cell therefore contains four pentamers., It is possible that the
pentamers and hexamer have ten and twelve-membered cyclic structures

regpectively, The formation of rings of seven or more members is
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comparatively uncommon in inorgenic chemistry though the existence
of structures has been suggested. The product from

carbonatobis(ethylenediamine)cobalt(I11)bromide and sulphonyl-

diacetic acid has been assigned the following structure.l57
0 -

\S/ 2 0
. AN

Coen2 Br

CH—G—O0
2\

.J

However when the sulphone group is replaced by sul?hide, no analogous

compounds are obtained. This suggests that chelation may involve

the oxygen atoms of the sulphone group rather than the carboxyl groups.
A series of complexes of copper with polymethylene bis— o«—-amino

158
acids have been formulated with the following structure, 2

where n hag the values 2,3,5,7, and 10. Thus if these structures
are correct, the rings contain 5,6,8,10 and 13 members. Generally
the structuresof such large ring compounds are not firmly
established. The lack of X-ray structural analyses and the several

possible linkages as well as the possibility of polymerisation in
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the golid state, tend to make the proposed structures highly speculative.

Methylzine acetate and dimethvlphosphinate.

Methylzinc acetate is insoluble in hexane and benzene, and is
probably polymeric., The infrared spectrum contained no band which
could have been attributed to v( C=0), i.e. in the 1700-1750 —
region. Intense bands due to symmetric and antisymmetric stretching
vibrations of %he 0~C-0 group are obsgerved at 1408 and 1600 cm—l
respectively. This Sﬁggests that the carboxyl group functions as a
chelate ligand as in dimethylgallium—acetate.lOO This compound
and several more known to contain bridging acetate groups (from X-ray
analysis) have two C-0 infrared stretching frequenciesl59 in the range
1400-1480 and 1570-1620 cm-l. It is therefore concluded that the
zinc compound also contains a bridging acetate grdup, and that the
ingolubility is due to cross~linking between the zinc atomg of one
dimer unit and oxygen atoms of another, The compound is depolymerised
by pyridine and the dimeric adduct, (MepyZnOAc)2 can be igolated.

The adduct is thought to have the structure showm in figure 5.

e T e

Cx, C
0/ \O oy 0/ \O i
\ pyridine N / \ /
Me—2n Zn—Me —_— Zn Zn
) / Me/ \ / \py
O\C/O O\C/O
L Me Ay Me E]g 5
B Me, 7 Me,
P P
0/ \O " §O e
\ pyridine py\ / \4 yd
Me —2n Zn—Me| B ——> Zn Zn
/ Me/ \ / \py
O\P/O O\P/O
L Me, dx Me,
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The infrared spectrum contains bands due to v(CO5) at 1449 and
1550 em™t which are characteristic of a bridging acetate group.
The acetate bridge is not disrupted by excess pyridine since the
infrared spectrum of a pyridine solution of the adduct contained no
band due to v(C=0) in the 1700-1750 et region,

Methylzinc dimethylphosphinate, which is insoluble in benzene,
is believed to have a polymeric structure gimilar to the acetate, but
containing bridging phosphinate groups. The infrared spectrum of the
compound conbained intense abgorptions due to V(POZ) at 1026 and
160

1156 cm—l which are similar to the PO2 absorptions in the salt,

NaOZPMe2 (1068 and 1168 cm_l). This is in contrast to the more
widely spaced v{(PO) abéorptions, at 1042 and 1230 cm—l of the methyl
ester MezP(:O)QMe.lOQ The two P-0 bonds in methylzinc
dimethyiphosphinate are therefore thought to be equivalent as in

NaOZPMez, and are pregent as bridging groups;

100

Dimethylgallium dimethylphosphinate dimer hasg an infrared gpectrum
uhich contains bands due to v(PO,) ab 1164 and 1062 cm , and it
has been assigned an eight-membered cyclic structure containing
bridging phosphinate groups. This structure has been confirmed by
an X-ray structural analysis.iggi The recent X=ray structure
analysis of dij/A-diphenylphosphinatoacetylacetonatochromium(lll) has

shown that the ligands around the chromium atoms conform to

octahedral symmetry and the bridge structure, (CrOPO)2, is a puckered
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160
eight-membered ring. 2

Methylzinc dimethylphosphinate dissolves in benzene to which
pyridine has been added, and the dimeric pyridine adduct, (MepyZnO2
PMe2)2 can be isolated. The adduct has been assigned a structure
similar to the acetate adduct (I4ig.5) since the infrared spectrum
indicates that phosphinate group is bridging. The absgorptions due
o v(PO,) occur at 1053 and 1163 em™* , Like the bridging acetate
group, the bridging phosphinate group of the pyridine adduct could
not be disrupted by excess pyridine., The infrared spectrum of a
pyridine solution of the adduct showed no band due to v(P=0), and
the abgorptions due to v(POz) were almost unchenged at 1058 and
1176 on™".

The pyridine adduct is appreciably dissociated in dilute solution
in benzene, since the apparent molecular weight decreases as the
solution ig diluted. The infrared gpectrum of such a solution
showed no band due to v(P=0), the absorptions due to v(POz) occurred
at 1062 end 1163 om ~. Thus dissociation to a monomeric species
does not occur since this would be reflected in the appearance of a
band due to P=0, This is substantiated by the obvious reéistance
to rupture of the 0-P-0 bridge with excess pyridine. It is therefore

concluded that the complex loses pyridine in benzene solution.

Ethylzine iodide.

Crystalline complexes of organozinc halides with various ligands
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ﬁave been described. - The 2:1 complexes, €.g. MeZnBr.2Me2NCHO3 are
probably monomeric containing four co-ordinate zinc, and analogous to
the crystalline dietherates of the Grignerd reagent, e¢.g.
PhMgBr.28t,0, which contains discrete tetrahedral units in the solid
state.l61 The 1:1 complexes, e.g.‘PthI.EtQO may be dimeric by |
virtue of bridging halogen atoms though no molecular weight data are
available for these and the 2:1 complexés. The unsolvated species
IRZnX!' may be structurally interesting, and are relevant to the
present investigation,

Ethylzinc iodide was prepared in order that an X-ray structural
analysis could be carried out., It has been reported that it can be
recrystallised from ethyliodide,l63 but all attempts so far to obtain
crystals sultable for a gtructural analysis have failed., It is
surprising that the compound, when prepared in benzene, remsins in
solution. It was therefore isolated by removing the solvent under
vacuum, with the object of measuring its molecular weight in benzene
solution. However, once the solid had been dried by pumping it
would not redigsolve in benzene. The unsatisfactory analyses suggested
that some disproportionation had occurred at room temperature. This
is not surprising since methylzinc iodide is said to dissociate
sufficiently at room temperature to cause ignition.164

The infrared spectrum of the solid showed bands due to Zn--CH2

rock and v(Zn—CHz) at 625 and 517 cm"l respectively (compare 619 and
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562 em in EtZn . and 620 and 513 cn ™ in (B6Z0¥Ph)) ). This mey
indicate that the co-ordination number of the zinc atom hag increased

by polymerisation but until structural data are available no real

conclusions can be drawn from this.

Orgaﬁometallation reactiong,

As indicated in the introduction, reactions which are typified
by those of Grignard reagents are not confined to organo-magnesgium
éomp&unds, but that several examples of such reactions have been showm
to occur with organo- derivatives of other elements. The nature of
the intermediates has received very little attention and apparently
has not been regarded of any importance. It is evident that if any
understanding of a reaction mechahism is to be obtained, then the
nature and molecular complexity of the reaction intermediate must surely
be taken into account. Thig particular section of the present work
was undertaken to try to provide such information for the zinc
analogues of Grignard intermedistes.

It is well known that organo-zine compounds react with some
unsaturated sysﬁems in much the same way as Grignard reagents, but as

134

Gilman has shown they are considerably less reactive. Diethylzinc

136
reacts with acetaldehyde only when the mixture is refluxed, ? and
carbonation of diethylzinc does not normally occur; high pressure

and a temperature of 160° are the conditions required.135
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Reactiong with ketones.

In order to see whether intermediates could be isolated, an
attempt to prepare methylzinc t-butoxide from dimethylzinc and acetone
wag undertaken, The product had already been fully characterised by
reaction of dimethylzinc and t-butanol., Complications due to
enolization occurred‘and methane was evolved slowly at room temperature.
The evolution of methane was quantitative at higher temperatures. The
solid product was involatile, insoluble, and was presumably a polymeric
igopropenyl derivative, (CH2=CMeOZnMe)X. To avoid such complications,
benzophenone was used in subsequent reactions. The organo~zinc compounds
were present ln a two-molar excess since various workers have shown
that under such conditions, addition to the unsaturated system occurs
muich more rea.dil;sr.ly?’165

Dimethylzine and benzophenone in toluene at J.lOo do not react,
whereas diphenylzinc and benzophenone under the same conditions react
smoothly to form phenylzinc triphenylmethoxide. The difference in
reactivity probably lies in the fact that diphenylzine forms stronger
co-ordination complexes than zinec alkyls owing to the»greater
electronegativity of the phenyl group., This has been demonstrated
for a variety of ligandség(see infroduction). Thus the greater the
co-ordinating power of the carbonyl group to the zinc atom, the greater
will become the susceptibility of the carbon atom to nucleophilic

attack. A sgix-centre transition state similar to that proposed by
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Pasynkiewicz and Sliwa may be envigaged.

Ph.C = O
2 '
i \\\\\ -
P Q Zn—"Ph
s tin”

Phenylzine triphenylmethoxide is dimeric in benzene in contrast
to the previously described tetrameric alkoxides. This may be
ascribed to the steric interactions of phenyl and triphenylmethyl groups.

Diethylzine reacted with benzophenone in refluxing toluene to
yield an ethylzinc alkoxide in quantitative yield. The product was
found to be ethylzinc diphenylmethoxide, (EthOCHth), showing that
reduction had occurred in preference to the 'normal! addition, In a
similer experiment carried out in a sealed tube one mole of ethylene per
mole of benzophenone was obtained when the reaction was completed, and
the tube opened. The ethylene was identified by its infrared spectrum.
Reduction reactions gquite commonly occur with organo-aluminium

- compounds, particularly tri-isobutylaluminium.121

However since this
slowly evolves iso-butene at room temperature, presumably leaving

di-isobutylaluminium hydride, the reaction may reasonably be regarded
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és one of hydrometallation. Diethylzinc is reported to react with
chloral to yield ethylene and the corregponding primary alcohol.166
This, and the reaction with benzophenone is extremely unlikely to
involve the formation, transient or otherwise, of an alkylzinc hydride
(see appendix). The probable mechanism is through the formation of
a gix-centre transition state similar to that proposed for the Grignard
reduction reaction,l67 and for the reduction of kebtones by

165
triethylaluminium, i,e, hydride transfer from the /3 ~carbon atom.

Evidence for the existence of sucﬁ a transition gtate in the case of
the Grignard reagents, is that when beﬁzophenone reacts with iso-
butylmegnesium bromide which ig deuterated at one of the three positions
in the carbon chain, only deuterium from the /Qg-pOSition and not from
the o~ or \(- positionsg is transferred to the benzophenone.168

The product, ethylzinc diphenylmethoxide is trimeric in benzene
solution. This contrasts with the previously discussed tetrameric

alkoxides. However, steric interactions between the ethyl~groups and

the diphenylmethyl- groups would probably be significant in a tetramer,
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and result in a lowering of the degree of association, This together
with the dimeric phenylzinc triphenylmethoxide provide a further
illustration of the importance of steric interaction of substituents

on the degree of polymerisation.,

Reactions with isocyanates.

Much of the work recently published on organometallation and related
reactibns hag included the addition ef various reagents to the very
reactive isocyanates. Addifioﬁ occurs under extremely mild conditions,
e.g. diphenyl- and diethylzinc have been reported to react with
phenylisocyanate at room temperature.u4 The hydrolysis products are
benzanilide, and propionanilide respectively. It is not known whether
the addition occurs across the C=N or the C=0 bonds, but Arnold ef. al
have indicated that the electron densgity is greatest on the oxygen and

least on the carbon, the nitrogen atom being intermediate.

R-N:g.—@ ¢ R-N=C=0 4~ Rli-G=0
(major) _ (minor)
These authors suggest that nucleophilic attack occurs at the carbon
atom followed by addition across the N=C bond., Thus with amines,
subgtituted ureas are produced,
’_ 4
R-N=C=0 + HNR'R —>RNHC(:0)-NR R

and with alcohols, the products are carbamates.

R-N=0=0 + HOK ——» RINHC(:0)-O0R
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With electrophiles, isocyanates might reasonably be expected to
co-ordinate through the oxygen atom, and the ensuing éddition to occur
acrogss the C=0 bond, This form of addition is favoured for Grignard
reagentsl7o and organoaluminium compounds137 though evidence to support
this is not available. Various workers favour the addition as
occurring across the C=N bond and quote evidence to support this.

,Mércuric methoxide adds rapidly to phenylisocyanatelz9 to yield
the crystalline adduct methyl N-mercuri. -N-phenylcarbamate,
Hg(NPh-COéMe)z. The infrared spectrum of the adduct contains a band
at 1708 cm-l which is assigned as being due to v(C:O).

The adducts obtained from trialkyltin alkoxides and organic
ilsocyanates have been formulated as N-stannylcarbamatesl27 since
alcoholysis of the products regenerates the tin alkoxide and a

4

/R OH
carbamate, e.g. RySnOR + PANGO—>R,SnliPhCOK ——> _RBSnOR/+ PhNHCOzR:

Had addition occurred across the C=0 bond, the adduct containing an
9n-0 bond, rather than an Sn-N bond, would not have been expected to be
cleaved by alcohol,

A serieg of adducts from the chloroboration of isocyanates can be

' 126
exemplified by the reaction of boron chloride and phenyligocyanate.

] ]
0 Ar C1 Ar O

BOl3 + 2PhNCO —>C1 - % - ﬁ - ? -N-0C~CL

The structures of the amidoboranes have been established by

several methods, among which are alcoholic degradation and infrared spectra.
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For example, the above adduct with the alcohol ROH, yielded the boric
ester, B(OR)B’ and the aryl urethane, ArNHCOOR., The infrared spectrum
of the adduct contained a band at 1755 c:m--l assigned as being due to
v(C=0), since the infrared spectrum of the thio- analogue was
transparent in thig region,.

Similar infrared evidence supporvs addition acrogs the C=N bond
having occurred in the aminostannylation of phenylisocyanate.lBl

Trialkyltin hydrides react Qith orgenic isocyanates to yield 1:1

adducts. Assuming addition occurs across C=0, or C=N, the

gbructures of the two possible adducts can be ghoun as follows.

O .
R.Sn-NR-C” —OCH=NR
3Sn NR Q\H RBSn 0--CH=NR

(a) (b)

The ultra-violet spectra of the adducts show a strong band at 239nyu
and a weak abgorption at 280&/1. Thig is remarkably like
N—phenylformamide, PhNHCfg , but appréciably different to that of
ethyl-N-phenylformimidate, Ph-N=CHOEt. The proton magnetic resonance
spectrum of the adduct contained a proton signal due to CH gréup at
V8+34. The spectrum of N-phenylformamide contains a signal due to
the C-H group at 1840, while for ethyl-N-phenylformimidate the

. 1
signal occurs at 7 7°60. Both observations favour structure (a). 248

Diphenyl- and diethylzinc both reacted smoothly with phenylisocyanate
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in refluxing benzene solution to yield l:l‘adducts. The adducts are
tetrameric in benzene solution suggesting initially that addition occurs
across the C=0 bond to yield an alkoxy derivative having the cubic eight-
membered cyclic structures, with the -RC=NPh groups bound to the oxygen

.atoms and protruding from the corners of the cube.

4

2

However, the nitrogen atom was shown to be bound to the zinc atom since

PhNGO + R Zn ——> (R’Zn..o-(m;mvh)ZP
the reaction between diethylzinc and propionanilide yielded the same product
(identical I.R. and m.p.) as that obtained from diethylzinc and
phenylisocyanate., The infrared spectrum of the product does not contain
any bands in the 1700-1750 em - region, snd it is concluded that the
carbonyl group is co-ordinated. The gpectrum is complicated by the
presence of phenyl bands, but a very intense abgorption at 1550 cm‘l nay
be due to the co-ordinated carbonyl group (see methylzinc acetate).

Since both the nitrogen and oxygen atoms are bound to zinc, there is
no way of deciding whether addition occurs across the €20, or the N=C,
as the same product would be obtained from each process, assuming an eight-
membered cyclic dimeric unit is initially formed (see Fig.6) Pre sumably
association to a lebramer occurs by two of the eight-membered rings
linking up as shown (Fig.6). This has the effect of raising the
co-ordination of the gzinc and the oxygen to four. This is consistent

with the observations on the slkylzinc alkoxides.
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The structure proposed for the adducts described above is analogous to
those proposed for the ingoluble methylzinc acetate and
dimethylphosphinate. }The golubility of the phenylisoéyanate adducts
may conceivably be due to the steric effects of the phenyl- and ethyl-
groups,

Surprisingly, no zinc- containing products were obtained frém the
reactions between zinc alkyls and methylisocyanate, ethylisocyanate, and
phenylcyanide; trimers of the unsaturated reactant were obtained in each
case. The isocyanates pblymerise readily in the presence of
nucleophiles, e.g. tertiaryphosphines and amines,l69 the alkyl compounds
even polymerise in the absence of catalysts. Methylisocyanate was
foﬁnd to trimerise slowly even at room tempersture. The polymerisation
reactions presumably occurs much faster than that of the addition
reaction of zinc alkyls.

Phenyl cyanide trimerises in the presence of a variety of catalysts,
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e.g. chlorosulphonic acids,l5l sodium,l7l and iron pentacarbonyl.l72
The mechanism of the trimerization, which in view of the variety of
catalysts may differ under varying reaction conditions, is unknown.
The non-occurrence of an orgaﬁometallation reaction with dimethylzinc
is probably due to the fact that the nitrogen only co-ordinates very
weakly to zine, if at all., The mixture can be separated easily,
showing that if any complex is formed, it is highly dissociated. The
carbon atom of the cyanide is therefore not as susceptible to
nucleophilic attack as, for example, with aluminium alky13137.(see

introduction).

Infrared characterigtics of the Zn-Me group.

The infrared and Raman spectra of dimethylzinc have been analysed

173
in detail, the assignments are tabulated below.

Symmetry class Frequency Degeription
Ai 2898 v, C-H stretch
1158 v, CH3 deformation
504, V3 Zn=G stretch'
Af’ Forbidden v, torsion
Ag’ 2870 \ C-H stretch
1185 Vg CH3 deformation
615 ry Zn~C stretch

E . 2940 vg C-H stretch
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Symmetry Class. Frequency Degeription
1444 Vg CH3 deformation
707 710 CH3 rock
144 Vi1 0~Zn~C bend
/4

E 2833 V1o 0=H stretch
1388 v13 CH3 deformation
620 CH_. rock

V14,773

The molecule has been assigned a linear structure in which the
methyl groups rotate freely (symmetry DBHf). The infrared active
absorptions due to Zn-CHj rock (707 cm'l) and Zn-Me stretch (615 cm'l)
are very iﬁtense, and since they occur in a region where very few
other fundamental vibrations occur, they are diagnostically very
useful,

Some data are also e:w‘f:xilablel'74 on the spectrum of diethylzinc
although they are confined to frequencies greater than 650 cmﬁl. The
infrared spectrum of diethylzinc (as a liquid film) was recorded, and

2
619 and 562 on~t respectively. Since no spectroscopic data are

abgorptiong due to Zn--OH2 rock and Zn-CH_ stretch found to occur at

recorded for zinc alkyl co-ordination complexes, absorptions due to
Zn-Me and in a few ingtanceg Zn-Et groups asre collected in the Table.
No agsignments are included in cases where there may be confusion with

absorptions due to the remainder of the compound in question.



Gompound

MeZZn

EtZZn
MeZZn(MeZN'CHZ.)2
(MeZnNMeC H ANMe 2)s
(MepyZnOFh) ,
(MepyZnSBut)2
(MepyZnOAc)2
(MepyZnOzPMez)2
(MéZnOMe)4
(MeZnOBut)4
(MeZnOPh) L
(MeZnON=CMe,,) 4
(MeZnOCH CH,Oe ) L
(EtZnOPr) L
(EtZn0Bu®) L
(EtZn0CHPh,,) 3
(EthOCzH it 2‘) 3
(MeZnSMe ).,
(MeZnSPr™)
(MeZnSPh)X
(MeZnSeFh),

(MeZnSBub) 5
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¢ (Zn-Me ) sym Zn-Me rock
1185m 707vs
619vs
1178m 645,610vs
1175m 627s
653s
639s
1150m 6548
1145m 638s
1160m 673vs
11748 675vs
1161m 685vs
1160m 6/9vs
671lvs
613vs
6llvs
6128
617,592s
1161m 6558
1163m 65/vs
1158mw 675vs
1152mw 667vs
| 669vs

v{Zn-Me)
615vs
562vs
510s,453m
5068
508s
506s
5068
5ls
546vs
S4ps
552vs
5248
541lvs
541vs
540vs
505m
517,490s
5258
521s
5263
5268
531s
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Gompound S(anMe)sym _Zn-Me rock y{(Zn-Me)
(MeZnSPri)6 1156s 669vs 531s
(Bt7n5Bu") 5 610vs 5055
(MeZnOAc)x 1169w 680vs 540s
(MeZn0, P ) 662vs 535vs
(MEZnNPhZ)z ‘ 667s 5488
MepyZZnNth 1163m 62lvs 5058
(EtZnNPh,) 5 620s 518s
(EtZnNPhC : 0B L) L | 610s 5083
(EtZnI), 6258 517m

There is a tendency for v(Zn-Me) to fall as the co-ordination
number of the metal increases, from 615 cm"1 in dimethylzinc to 506
514.0111"l in those compounds in which the metal is undoubtedly four

co~ordinate, The absorptions at 510 and 453 c:m"l

of the
tetramethylethylenediamine complex of dimethylziné would be due to the
antisymmetric and symmetric C-Zn-C stretching modes, respectively. The
relatively high frequencies of the alkpxides and thio-derivatives
suggest that the metal ié thfee— rather than four co-ordinate in these
compounds. The frequencieé of these vibrations should not, however,

be used as a guide to co-ordination number until reliable structursl

information becomes available for some of the compounds concerned.
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APPENDIX

Zinc hydride and methylzinc bqrohydride.

Zinc hydride can be conveniently prepared by reaction of dimethylzinc

with lithium aluminium hydride in ether,

. . )
ZnMe2 2LiAlH4‘ — ZnH2 * 2L1A1H3Me.

It is described as a white ihvolatile solid which is insoluble in
ether and which slowly decomposes ét room temperature (turns grey in
one or two days) in an inert atmosphere. Decompogition is rapid at 850.
The above reaction is reported to yield zinc hydride of 96°*5 wt. %
purity, and semples of comparabie purity have also been obtained by
reaction of dimethylzinc with dimethylaluminium hydride in the absence
of solvent.
The reaction between dimethylzinc and lithium sluminium hydride
in the absence of ether does not go to completion and when the volatile
material left after reaction has épparently ceased is evaporated and
then condensed, non-volatile zinc hydride is found admixed with the
liQuid condensate. The authorg concluded that the initial reaction
produced volatile intermediates, e.g. MeoAlH or MeZnH or both, and
subsequent reaction of such volatile products with each other yielded
~ainc hydride. Evidence for the exsgistence of methylzinc hydride is the
reported.observation that zinc hydride dissolves in ether containing a

175

congiderable excess of dimethylzinc. The following exploratory
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reactions were undertaken to try to establish the exsistence of alkylzinc

hydrides.

Reaction of lithium aluminium hydride with dimethylzinc~ trimethylamine.

Dimethylzinc- trimethylamine (1+8g., 1l-ém.mole) in ether (20 c.c.)
was added to lithium aluminium hydride (0°42g., 1l°Om.mole) also in
ether (20 c.c.) at -92°.  The resulting clear solution was allowed to
- warm very slowly. At approximately —400 a white golid suddenly
precipitated; this was filtered off, washed with much ether, and finally
| pumped dry. The product was found to be zinc hydride; it was
vigorougly hydrolysed by mbisture, and decomposed at 900 when heated.
(Found: Zn, 90°1; hydrolysable H, 3*11%. Calc. for H2Zn: Zn,
97+0; hydrolysable H, 2:97%).
The product was thus 92°9 wt. % zinc hydride, the impurities probsbly
being aluminium hydride, lithium hydride and methylated lithium
aluminium hydride. The high H:Zn ratio (2+25:1) is consistent with this.
The hydride was found to be insoluble in N,N,N’,N’-
tetramethylethylenediamine, and is probably an electron-deficient polymer.
A suspension of zinc hydride in ether con£aining a three-molar
exceés of dimethylzinc was refluxed for about thirty minutes. The
ginc hydride did not digsolve, and fractionation of the filtrate showed
no evidence of any cqmpound other than ethér and dimethylzinc.
The infrared spectrum of zinc hydride recorded as a mull in

perfluorokerosene contained a strong broad (half-height width 458 cm-l)
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band at 1466 o™t probably due to vibrations involving bridging Zn-H.

Reaction of triethylgbtannane with diethylzinc.

~Alkyl-hydrogen exchange has recently been shown to occur between

diethylberyllium and triethylstannane to yield tetraethyltin and
ethylberyliium hydride.40

Diethylzinc (0°60g., 4°*88m.mole) and triethylstannane
(1°0g., 4°85m.mole) were placed in a glass tube cooled to -1960, and
aftef evacuating the nitrogen atmosphere the tube was sealed off at a
constriction.  The mixture was allowed to warm slowly, and at about
~10° the clear colourless liquid suddenly turned black. In order to
- obtain complete reaction it was found necessary to maintain the tube
at room temperature for about three weeks. On opening the tube ethane
(107 ¥ c.c., 4*78m.mole) and zinc (0°3g., 4°6 m.g. atom) were obtained.
A volatile liquid product was identified by its infrared spectrum as
tetraethyltin.  Zinc was also deposited when the reaction was carried
out in the presehce of trimethyiaﬁine, but the reaction proceeded much
more slowly. |

The reaction can be expressed by either of the two following
equations.
8. Et38nH + Et2Zn*——€>EthH + EtASn

EthH;—é EtH + Zn,
ba EtBSnH + Etzzn«———e EtH + EtBSn—ZnEt

EtBSn—ZnEt — EtASn + 7In
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It has recently been reported that when diethylzinc reacts with
two moles of triethylstannane, two moles of ethane, one equivalent of
zinc metal, and hexaethyldi-tin are formed. This seems to favour
reaction b, since zinc hydride could reasonably be expected to form

if the reaction proceeded by alkyl-hydrogen exchange.

Reaction of dimethylzinc with diborane.

Dimethylzinc and diborane areireported to react to yileld involatile

177

HénBHA, though no experimental conditions are given in the llterature.
Diborane (16°1L N c.c., 0+719m.mole) and dimethylzinc (162 N CeCay

4°55m,mole) were maintained at room temperature in a sealed glass tube.

After several minutes a white solid formed, and to ensure complete reaction

the tube was left at room temperature for a further thirty-six hours.

On opening the tube, trimethylborane (16°0 N c.c., 0+715m.,mole) and

dimethylzinc (70°0 N c.c., 3°*125m.mole) were obtained. They were

identified by their infrared spectra.- 'Part‘of the white solid which

remained in the tube could be vacuum sublimed at-room temperature

(1074 mm, ), and when left to sublime under its own vapour pressure in a

sealed tube it was obtained as very long colourlegs needles, m.p. 55-60O

(decomp{), the melt evolved dimethylzinc (identified by infrared spectrum).
(Found: Zn, 63°+2; hyd?olysable Me, 15°9; hydrolysable H, 4*06%,

CHrBZn requires Zn, 68°7; hydrolysable Me, 15+8; hydrolysable H, 4*20%).

The volatile solid was thus identified as methylzine borohydride, and
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since 0+719m.mole of diborane had reacted with 1*4R25m.mole of

dimethylzinc the reaction can be written thus,

B2H6 + 2Me22n-——ﬁ> Me,B * MeZnBHy + ZnH

3 A 2 |

The involatile residue gradually became grey, due to the formation of
metallic zinec, as the methylzinc borohydride was removed by sublimation,
it was not investigated’further{'>

The vapour pressure of methylzinc borohydride at room temperature
(approx. 23°) is Lelmm,, but the fact that it deédmposes at its melting
point excludes any poséibility ofbdetermining the molecular weight in
the vapour phase. It is also insoluble in benéene; It is rapidly
" hydrolysed by water and when kept at room temperature in an inert
atmosphere or under vacuum it slowly becomes grey (2 days) due to
metallic zinc; the dark grey residue reacts with water with explosive
violence., Samples of methylzinc borohydride can be kept at least for
several months at -30° without any sign of decomposition.

The infrared spectrum of the compound recorded as a Nujol mull
contained bands at the fallowing frequencies: 2445m(asym. B-H stretch);
2387m(sym. B-H stretch); 2198vs(br), 2083vs(sh)(bridging B-H-Zn);
1227vs(br) (in~plsne BH, defofmation); lll6w(2x556?); 971lm, 947m(out-of-

plane BH, deformation); 690vs(Zn-Me rock); 556vs(Zn-Me stretch).

2

Reaction of methylzinc borohydride with trimethylamine.

A tensiometric titration showed that methylzine borohydride absorbs
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one molar equivalent of trimethylamine; the gsolid liquefies during the
addition of the latter. The mixture was separated, with difficulty
by fractionation through a trap cooled to -103 into a volatile liquid
and a rather less volatile solid., The liquid was identified as
dimethylzinc~trimethylamine (identical IR to a previously prepared
sample), and the infrared specfrum of the solid recorded as a Nujol mull
conteined bands at 2392 (terminal B-H stretch) and a very broad band
centred at 2105 cm—l (bridging B-H groups). The spectrum at
frequencies of less than 2000 cm"l indicate the presence of co-ordinated
trimethylanine.

Trimethylamine thus appears to react with methylzine borohydride,
caugsing disproportionation. The reaction may be represented by the
following equations:

. MeZnBH, *+ NMQB ——3 MeZnBH

4 b

y . . e ‘ + 7 B
2(Me5nBH4 NMeB) —_— Megzn NMeB n( H4

~NMe3

)2'NM630

The zinc borohydride adduct has not, at this stage,been investigated in

detailo
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