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Summary

Analysis of the vibrational spectrum of di-t-butylberyllium in
conjunction with the infrared spectrum of the fully deuterated
derivative and of di-t-butylzinc suggests that the molecules are
monomeric with linear C-M-C skeletons. Assignment of the vibrational
frequencies of the heavy atom skeleton has been carried out. Di-t-
butylberyllium is monomeric in benzene solution and in the vapour
phase.

1:1 Complexes between di-t-butylberyllium and MMe, (M = N,P) are
described. The p.m.r. spectrum of the N,N,N',N'-tetramethylethylene~
diamine (TMED) complex, PriZBe(TMED), does not change with temperature,
in contrast to that of ButzBe(TMED).

The halides ButBeX,OEt2 X = Ql,Br) are dimeric in benzene, and
the chloride is monomeric in diethyl ether.

Di-t-butylberyllium reacts with N,N,N'-trimethylethylenediamine
producing a monomeric compound,'ButBeNMeCZHANMeZ. In contrast, di-n-
propyl- and di—iigpropyl-beryllium react with the same amine forming
dimeric products. The p.m.r. spectrum of the latter is temperature
dependent.

The complexes ButBeOC2H4NMe2, ButBeSC2H4NMe2, and MeZnSCZHANMe2

are dimeric in benzene solution.



Ether-free bgryllium dialkyls (R2Be, R = Et,Prn, Bun, Bui) can
be obtained by a process of prolonged boiling of the ether complexes
under reflux at low pressure. All.the above ether-free beryllium
dialkyls are dimeric in benzene. The proton magnetic resonance
spectra (p.m.r.) of some of the beryllium dialkyls are described.

In several cases there is a marked temperature and solvent dependence.

Pyrolysis of di-t-butylberyllium to the RBeH stage produced a
mixture of t-butyl- and isobutyl-beryllium hydrides. Pyrolysis of
di-isobutylberyllium resulted in the formation of isobutylberyllium
| hydride. Some co-ordination complexes of isobutylberyllium are
described.

A co-ordination complex of be;yllium hydride, (H4Be2)TMED, has

been prepared.
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INTRODUCTION

This thesis is concerned with preparative and structural stud?es
on organic and hydride derivétives of beryllium and zinc.

The organic compounds of beryllium, calcium, strontium, and
barium have been reviewed1 (covering the literature to early 1961),-and
the co-ordination chemistry of beryllium, zinc and cadmium, and mercury
was reviewed in 1966.2 Organoberyllium compounds have been the subject
of a very recent review by Fetter, covering the literature to early
1967.3 This review includes a catalogue of all known organoberyllium
compounds together with physical properties and preparative details.
Organometallic compounds of the main group elements have been the
subject of a reéent book,4 as have metal hydrogen compounds.

This introduction will be concerned with organic and hydride
derivatives of beryllium; magnesium, zinc, cadmium, and mercury
together with relevant work on boron and aluminium. The structural
problems of Grignard reagents will not be discussed in this theéis;
they have been discussed in two reviews.é’7 The organic derivatives of
calcium, strontium, and barium will not be discussed as their organic
chemistry, so far as it is known, is more akin to that of the heavier
elements of Group I.

Preparative methods in organometallic chemistry of these elements

. . ] 3,4,8,9,10
are covered in detail in books, earlier theses, and review articles™’ ’> 7’

and the relevant literature references can be obtained from them.




Preparative aspects -are not, therefore, discussed in detail in this
introductidn.

Both beryllium and magnesium form 'electron-deficient' compounds,
these are compounds in which an atom makes use of more orbitals than
the number of available valence électrons, resulting in a structure in
which the total number of valence electrons is less than twicé the
number of conventional electron pair bonds. This type of bonding is

found in dimethylberyllium and dimethylmagnesium, both of which are

polymeric solids.

i
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M = Be or Mg

The crystal structures have been determined by X-ray diffraction and the

relevant data are tabulated:



MezBe11 MezMg12
M-M 2:09 + 0-01& 2+73 + 0-024
M-C 193 + 0+024 224 + 0+034
Che 114 + 1° 105 + 2°
MM 66 + 1° 75 + 2°

The bonding can be explained in terms of 'three centre' molecular
orbitals13 formed from metal sp3 hybrid orbitals and the remaining sp
orbital of carbon. |

The organic compounds of zinc, cadmium, and mercury do not show
the .same tendency to form electron deficient compounds. The increased
size of the metal atom résulting in the non-existence or poor overlap
of the relevant orbitals. Hence dimethylzinc, -cadmium, and -mercury
are monomeric liquids of normal covalent structure.14’15’16’17

Beryllium compounds are known in which the co-ordination number of
the metal atom is two, three, or four. Two co-ordinate beryllium is
relatively rare. It had been suggested that ether-free di-terfrbutyl-
beryllium is monomeric on vapour pressure grounds and hence would. be
the first example of two-co-ordinate beryllium at room temperature.
The only other example of a compound in which two-co-ordinate beryllium
is present at room temperature is the silazane derivative,
[(Me3Si)2N]zBe, which has been shown, by vibrational and p.m.r.

spectroscopy, to have a linear N-Be-N skeleton and planar BeN812 groups.



Three-co-ordinate beryllium occurs in the dimeric metal alkyls,
(RzBe)z, and in the aminoberyllium alkyls, (RBeNR'z)n where n = 2 or 3
depending on steric considerations.19 Four-co-ordinate beryllium is
most common and is found, for example, in solid dimethylberyllium1
and is likely to be present in the tetrameric alkylberyllium alkoxides.20
No organomagnesium compounds -are known in which the co-ordination
number of the metal is two: generally organomagnesium compounds éontain
four-co-ordinate magnesium in the sp3Ahybridised state. This co-
ordination number is attained either by polymerisation e.g. (MezMg)n or

by the formation of a co-ordination compound, e.g. PhMgBr(OEt2)2.22

23,24

Co-ordination numbers of three22 and five have also been suggested

for some organomagnesium compounds.

Co-ordination numbers of two, three, and four are known for organo-

zinc, -cadmium, and -mercury compounds.



The Group II Metal Alkyls and their Co-ordination Compounds

Berzllium

In contrast with dimethylberyllium which is a solid polymer as
discussed earlier, the known higher alkyls are liquids at room
temperature and are less associated. The degrees of association
(cryoscopically) of diethylberyllium, in benzene and cyclohexane
solutions respectively, are reported to be 2°09 and 2°39, these values
increasing to 3°58 and 3°+16 after 240 days.25 Di—iggpropylberyllium26
and di—E—butylberyllium27 are dimeric (cryoscopically) in benzene
solution.

The co-ordination chemistry of the beryllium alkyls is well
documented.z’28 Complexes of the form RzBe.L and R2Be.L2 (L = ligand)
are known with monodentate ligands and 1:1 complexes with bidentate
ligands. 1In or&er to form complexes of dimethylberyllium the heat of
formation of the complexlmﬁst exceed the heat of depolymerisation of the
dimethylberyilium. Studies on dimethylberyllium indicate that the order
of heat of formation of co-ordinate links to beryllium is N > P > 0 >>
As, S, and no co-ordination compounds of dimethylberyllium with tri-
methyiarsine or dimethylsulphide are known.29 Similar results are
obtained for trimethylaluminiumBO and trimethylgallium,31 when there is
no possibility of w-bonding complicaﬁing the system.

Trimethylamine forms 1:129 and 2:132 complexes with dimethyl-

beryllium, the 2:1 complex is less stable than the 1:1 complex and has a



dissociation pressure of 22+7 mm. Hg of trimethylamine at 0°. The
previously reported compound (MezBe)Z(NMe3)329 has been shown to be a
mixture of the two complexes.32 With trimethylphosphine the situation
is more complex since the heat of co-ordinates of trimethylphosphine
with dimethylberyllium is of the’same order of magnitude as the heat of
depolymerisation of dimethylberyllium. Therefore a complex set of
equilibria are set up and a range of compounds, (Me3P)x(Me2Be)y where
x=2,3,1,2,2,2andy=1, 2,1, 3, 4, 5 are formed. Each
compound being stable over a range of temperature and pressure of
trimethylphosphine.29 |

Diethylberyllium forms 1:1 and 1:2 compléxes with trimethylamine33
but only 1:1 complexes are known for di-iggpropylberyllium26 and di-
E_ng—butylberyllium,34 the latter not having been obtained in a pure
state. Pyridine forms stable, coloured, crystalline 2:1 complexes with
beryllium di-alkyls (R = Me, Et,35 Pri, Bu® 36).

Dimethyl- and diethyl-ether also co-ordinate to dimethylberyllium
but the complexes have high dissociation pressures at room temperature.
The higher beryllium alkyls all retain ether to a certain extent
(RzBe:OEt2 is ~1:1) buﬁ the ether can be removed, by prolonged pumping
under reflux, from diﬁiigpropylberyllium.26

A series of 1:1 and 1:2 complexes of diphenylethynylberyllium with

N and O donors have been prepared.37 Those complexes which are

sufficiently soluble in benzene have been found to be monomeric in that

solvent (cryoscopically).



Crystalline 1l:1 complexes are formed from beryllium di-alkyls and
bidentate ligands, e.g. N,N,N' N'-tetramethylethylenediamine (TMED)
forms the complexes RZBe.TMED where R = Me,35 Et,36 PhCEC.37
Dimethylberyllium32 and diphenylberyllium38 form similar complexes with
N,N,N',N'- tetramethyl-o-phenylenediamine and 1,2-dimethoxyethane.

2,2'-Bipyridyl reacts with beryllium alkyls and halides to form a
series of coloured compounds of the general formula bipyBeX2 where X =
Cl, Br, I, Ph, Et, Me,35 and PhCEC.37 Similar complexes from di-iso-
propyl-, di-n-butylberyllium and isopropyl-beryllium hydride decomposed
to brown tars.35 Spectroscopic studies on these compounds have shown
that the molar extinction coefficient of these compounds increases as
the electronegativity of the group attached to beryllium decreases,
the colours are expléined by electron transfer from the Be-X bond to the
lowest unoccupied molecular orbital of the bipyridyl x system.35 The
colours of the compounds are in agreement with this, with X = C1, PhC=C,
the complexes are white; X = Br, pale cream; X = I, Ph, Me, yellow; and
X = Et, red.

With tetramethylhydrazine the complex MezNNMez(BeEtZ)z,is formed39
and in benzene solution both monomers and dimers are presént in solution,
association probably being through bridging etﬁyl groups as nitrogen
already has maximum co-ordination. This result contrasts with the
fission of 0-0 bonds in the reaction of ButO-OBut with dimethylberyllium
to produce [MeBeOBut]420 and EtS-SEt with diethylberyllium to produce

[EtBeSEt]4}4°
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Tetramethyltetrazene (IMT) forms 1:1 and 1:2 complexes with
diethyl- and di-isopropylberyllium, the 2:1 complex being formed by

pyrolysis of the 1:1 complex at 70-90°. These complexes are formulated:

’ \N R,Be&¢—N N
R2B “ 1:1 complex
/N Me-'zN N— > eR2
N
Me2 1:2 complex

A corresponding 1:1 complex is formed with di-tert-butylberyllium but

tBe.TMT.ButBeH is formed, not the 1:2

complex as for the lower alkyls.41

on pyrolysis the complex Bu2

Magnesium

Dimethyl-12 and diethylmagnesium42 have been shown by X-ray powder
diffraction methods to be polymeric solids containing magnesium-alkyl-
magnesium bridges. They are insoluble in non-donor solvents and with
one exception the higher alkyls, up to the butyls, have similar physical
properties and are ;easonably assumed to consist of long polymer chains.
Di-sec-butylmagnesium has been prepared by the reaction between sec-butyl-
magnesium chloride and sec-butyl-lithium in ether and removing the
 ether by distillation after adding benzene. The product is dimeric in
benzene sélution.43 The same authoré have used this procedure to

prepare mixed alkyls of magnesium.



Until recently very little work has been done on the co-ordination
complexes of the magnesium dialkyls. X-ray structural studies have
shown that the magnesium dialkyls form stronger polymers than beryllium
dialkyls and therefore it is expected that the co-ordination compounds
of magnesium dialkyls will not form so easily,and will lose the donor
molecule more readily, than the correspondung beryllium compound. For
example, dimethylmagnesium absorbs trimethylamine but no stoichiometric
comple% was.isolated.44 The dissociation pressure is given by the

equation:
log; ,p(mm.) = 1166 - 3316/T°K

corresponding to a heat of dissociation of 15°2 kcal./mole of trimethyl-

.4 ; . —
amine , a marked contrast to the beryllium case where the dissociation
pressure is unmeasurable at room temperature.

Stable 1:1 complexes with N,N,N',N'-tetramethylethylenedfamine

(TMED) have been prepared where R = Et, pr”, Pr’, Bun,45 46

Me, Ph, But.
'These are all solids, except for BuangTMED whiéh is a liquid, and can
be sublimed unchanged in vacuo. TIn contrast the 1:1 complexes of
dimethylmagnesium with N,N,N' N'-tetramethyl-o-phenylenediamine and
1,2 dimethoxyethane 1osé ligand on heating.46 No stable complex of
dimethylmagnesium with 2,2'-bipyridyl can be obtained, a yellow

crystalline complex is initially formed but rapidly darkens, presumably

. 46
due to addition of Mg-C across the C=N of the bipyridyl.
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Complexes with monodentate ligands are not well defined except in
the case of PhZMg(THF)2 which does not dissociate in benzene solution in
which it is monomeric.46 Dimethylmagnesium can be crystallised,from

solution in diethylether, free of ligand.47

Zinc, cadmium, and mercury

The co-ordination chemistry of zinc and cadmium has been discussed
at length in a review2 and only the most recent work will be discussed
here. Co-ordination compounds of mercury dialkyls are only known when
the alkyl groups are halogenated.48

A dielectric titration procedure has been used to study the
formation and stability constants of 1l:1 complexes of zinc dialkyls with
N,N,N',N'-tetramethylethylenediamine (TMED) and 2,2'-bipyridyl (bipy).49’50
The results show that for the TMED complexes the order of stability is
Me > Et > Pri > But. This is as expected because electron releasing
substituents increase the electron density on the metal thereby weakening
the co-ordinate bonds with TMED which is a pure cr-donor.50 Steric
effects will also affect complex stability and this order, shown above,
follows the sequence for both polar and steric effects.50 In the
bipyridyl complexes the observed order of stability is réversed and

cannot be explained simply in terms of o-bonding. n-Bonding in transition

metal complexes is favoured if the metal atom carries a formal negative
53

’

charge or if the metal is substituted with electron donating groups.

Taking into account the relative electron donating properties of the
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alkyl groups, synergic o-m bonding would be more effective in going
from Me to But in the series.50 Zinc has a full d electron shell and

the transference of one of these electrons to the heterocyclic n* system

*

. P 1 ‘s
could be responsible for the transition,” and not an o-n* transition

as in the beryllium case.35 Recent work55’56 on a series of RZZn.bipy

complexes (R = CH3—09H19) has resulted in the following MO bonding

scheme being proposed:
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Reactions of Metal Alkyls with Acidic Hydrogen

Reaction of a Group II metal alkyl with a substance containing

acidic hydrogen (HA) occurs in two stages:

(i) R,M + HA ——) [RMA] + RH

(ii) [RMA]+HA———)MA2+RH

The compound RMA, if monomeric, would be co-ordinatively unsaturated at
the metal atom, and the metal atom would have enhanced acceptor
characteristics due to being attached to the more electronegative (than
R in RZM) entity A. If the residue A possesses any lone-pair electrons
on the atom attached to the metal atom then their donor properties will
be enhanced due to the polarity of the M-A bond. Therefore the RMA
species may be expected to undergo some associative process to remove
the co-ordinative unsaturation of the metal atom.

The degree of association of this type of complex appears to be
affected by four factors,57 although the relative imﬁortance of them

is not understood. The associative process may be written:
n(RMA) = (RMA)_
AG = MH - TAS = -RTInK

1. Entropy factors. For association to take place AG must be
negative and this can be achieved if AS is positive. AS will be more

positive the greater the number of particles per unit mass, and thus
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entropy factors alone favour small values of n.

2. Steric interference. By the use of molecular models it can be
shown that there is less interference between bulky substituents in
dimers than in trimers, thus when bulky groups are present dimers are
favoured relative to trimers.

3. Valency angle strain. The associated compound will tend to have
the least possible strain. Valency angle strain is more readily
tolerated by the heavier elements.58

4. Nature of the reaction intermediates. Polymeric intermediates
formed by an inter-molecular condensation will favour polymers,
tetramers and trimers as the isolated species. A monomeric intermediate
will favour a dimer as the associated species.57

The majority of the work on the factors affecting the degree of
association of such compounds has been carried out ;n the Group III metal
alkyls. 1In recent years a considerable effort has been put into a study
of the Group II metal alkyls, particularly those of beryllium, zinc and
magnesium, with amines, alcohols and thiols. |

Reactions of organoberyllium compounds with acidic hydrogen

In Table 1 are listed a number of aminoberyllium alkyls. prepared
by the reaction of a beryllium dialkyl (or diaryl) with one mol. of a
| secondary amine. From the Table it can be seen that the degree of
association is three except when bulky groups are present, when the less

.

sterically hindered dimer is formed. Entropy factors would favour the
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formation of dimers (2,1) over trimers (2,2). However, the average ring

angle in the dimer must be 90° and valence angle strain would be

appreciable.
R
1 '
R% R /
N\\\S ////N-——-aBe
R—B //// Be—R R——-Be
. <
1 ]
R% R 2 R
(2,1) . (2,2)

Rough calculations show that valency angle strain will be the most
important factor except when bulky groups are present.19 Both dimeric
énd trimeric products contain three-co-ordinate beryllium and therefore
should react with bases. Table 2 lists some of the products formed
from aminoberyllium alkyls with pyridine and 2,2'-bipyridyl. 1In some
instances the reactions are complicated by disproportionation processes.
The reaction of (MeBeNMe2)3 with pyridine, howe&er, takes place without

complication:
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Me N, 2 Py
\Be’/ \Be’/ |
3 mols. py/2? N N
Py Me2
(MeBeNMe2)3
k R py
py N
BeK\\
R'ZN’// Py

Reactions between organoberyllium compounds and secondary amines
usually proceed rapidly to completion, and in some instances both alkyl

26,61,62

groups can be replaced by secondary amino groups. In contrast

di-t-butylberyllium forms a 1:1 adduct with dimethylamine, and complete
evolution of isobutane could not be achieved even on heating to 700.19
Construction of a model of the complex showed that the amino hydrogen
is so shielded that it cannot come within reaction distance of a Be-C
bond either in thé same or a neighbouring molecule.

Dimethylberyllium forms a complex with N,N,N'-trimethylethylene-
diamine which evolves methane at room temperature forming a dimeric
product (2,3):35 Reaction of ethylenediamine, N,N- and N,N'-ethylene-
diamine with dimethylberyllium results in polymer formation.

Di-iggpropylberyllium reacts with excess dimethylamine to form

bisdimethylaminoberyllium which is trimeric in benzene solution and in

the vapour phase.26 The structure (2,4) was originally proposed for

the compound.
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CH,—NMe Me
2 \2 J
, Be
| /
CHZ—NMe NMe—C H,
N\
Be
Me NMe‘-.—C Hz
(2,3)

 The p.m.r. spectrum, in benzene solution, of bisdimethylaminoberyllium

shows two resonances atT 4°28 and 4°90 in the ratio of 1:2, and the

structure (2,5) has been proposed.61

has confirmed structure (2,5).6

Mez |
N—>Be
MezN———Beé:: \\\NMe
’ N Bek//
Me2 l
N
Me2

(2,4)

A recent X-ray structural analysis

NMe

(2,5)
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Extension of the p.m.r. work to the measurement of the 13C-H coupling
constants has indicated the possibility of (p¢p)n bonding between
beryllium and the terminal dimethylamino groups in (2,5). This is
further substantiéted by the geometry of the molecule, since in the
terminal dimethylamino-beryllium group BeNC2 are coplanar.63

Diethylberyllium reacts with diphenylamine (2 mols.) to form an
insoluble, polymeric, material [Be(NPh)z]x.62

Reactions between beryllium alkyls and primary amines are more
complex. Dimethylberyllium reacts with methylamine evolving methane,
but the product has not been fully characterised.59 Similarly ammonia
reacts with RzBe (R = Me,Et) but alkane evolution is not quantitative
even at 500, polymeric products of the form R-(BeNHBe)-NH2 were obtained,
but were not fully characterised.64 The reaction between dimethyl-
beryllium and t-butylamine has been carried out for a variety of

. 1. . 65
stoichiometries:

—2ButN'H2 —_ [(ButNH)zBe] )

.
Me. Be + ButNHZ _ %(MeBeNHBu ),

2
1_t 1 t 1
_EBU NH2 —)—6—(MeBeNHBu )3 + —M2 e2Be

The dimer is assigned the structure (2,1) and the trimer (2,2) as

discussed earlier. The failure of (MeBeNHﬁut)3 to react with dimethyl-
beryllium is probably due to steric effects. The trimer, (MeBeNHBut)3,
eliminates methane on heating, but not quantitatively. After 72 hours

at 110° only 66% of the expected methane was evolved.65
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Table 3 lists a series of alkylberyllium alkoxides prepared mainly
by alcoholysis of beryllium dialkyls. Most of the élkoxides are
tetrameric in benzene solution, but lower degrees of association result
when the organic groups are large, e.g. (EtBeOCEt3)3, (MeBeOCPhB)Z,
and (ButBeOBut)z. The tetramers probably have the cubane structure as
found in the methylzinc methoxide tetramer (to be discussed later).

The size of both thé alkoxy group and the alkyl group attached to
beryllium affect the degree of association, an effect clearly shown by
methylberyllium t-butoxide which is a tetramer whereas t-butylberyllium
t-butoxide is a dimer.20 The effect of size of the alkoxy group is |

shown by the series: (MeBeOCHzPh)4, (MeBeOCHPH,, )

295 (MeBeOCPh3 )2.

Organoberyllium alkoxides have been preparedvby the addition of an
alkylberyllium hydride to aldehydes or ketones,60 and by the addition of

beryllium dialkyls to aldehydes or ketones.20 Methylberyllium t-butoxide

has been prepared by four methods:

Me,Be + ButOH

2 MezBe
- t ‘Z__ t
Me,Be + Me,C=0 ~——> (MeBeOBu )4 Me_c=o' [(Bu O)ZBe]3
MezBe + ButO'OBut 2

Ebullioscopic molecular weight determinations carried out in very
- dilute solutions (0°004-0°015M calculated as monomer) on the compounds
(MeBeOR)n have shown them to be nearly dimeric (R = Me, n = 2°16; Et,

2+13; Prn, 2+01; Prl, 1+92; But, 1+97). Alkoxy bridged dimers are
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believed to exist in these solutions and some such complexes with ether
and pyridine have been prepared.,z0 Table 4 lists a series of such
compounds. The monomeric complexes contain three co-ordinate beryllium;
where association takes place, e.g. in Me(ButO)Be.py it is probably due
to an equilibrium between the dimer containing co-ordinated pyridine,
the tetramer, and free pyridine:

t

Bu
0 Py
AN N | t
Be Be —— E(MeBeOBu )4 + 2py
//2 .\\\O//z \\\Me
t

Bu

Me
Py
Pyridine could be evaporated from a solution of the complex in benzene.
The p.m.r. spectra of the alkylberyllium alkoxides are of some
interest. 1In some cases they present evidence for some of the alkoxides
possessing alkoxy groups in two different envirohments. For example,

the CH,-O resonance of (MeBeOMe)4 is a doublet (in benzene solution) and

3 .
is temperature and concentration independent. The spectrum of
(MeBeOBut)4 is more peculiar; in benzene solution two singlets are observed
as expected for a symmetrical structure like methylzinc methoiide. In
perdeuteromethylcyclohexane, however, two doublets are observed. No
change in either of the spectra was observed on variation of concentration
and temperature.20 |

The bis(alkoxy)beryllium compounds are formed on reaction of a

beryllium dialkyl with excess alcohol. Studies on various substituted
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phenols have shown that the first alkyl (methyl, ethyl) group is
eliminated below -80° and the second starts to react between -55° and
00.67

-3 Table 5 lists some beryllium alkoxides, the more sterically

hindered alcohols have low degrees of association. P.m.r. data suggests

0]

a similar structure for [(ButO)ZBe]32 to that confirmed by X-ray

analysis for [(MezN)zBe]3.63

Alkylthioberyliium alkyls have recently been described,69 these
generélly have a higher tendency to disproportionate th;n their oxygen
analogues as sulphur is a weaker donor to beryllium than is oxygen.
Four tetramers (EtBeSR)4, R = Et, Pri, or Bu® and (MeBeSBut)4 have been
prepared and are believed to have structures baéed on a Beas4 cube.
Whereas the ethylberyllium compounds could be crystallised solvent free,
the isopropylberyllium compounds could only be obtained in the form of
complexes (PriBeSEt.L)2 where L = OEt,,py. Table 6 lists the compounds
prepared. The sulphides Be(SEt)2 and Be(SBut)2 are insoluble in ether
and hydrocarbons and are presumed to be polymeric.

Selenium derivatives (MeBeSPh.OEtZ)2 and EtBeSEt.py, have also been
described.6

Dimethylberyllium reacts with 2-dimethylaminoethanol and the product
which crystallises solvent free is oligomeric (n'\f7) whereas methyl-
beryllium 2-dimethylaminoethylsulphide is a trimer and is formulated with

6

the cyclic structure (2,6).6 The reason for the differences in the

degrees of association is not clear. It is possible that both have cross

linked polymeric structures (containing four co-ordinate beryllium in the
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solid phase.

H,C CH

Me2

N\ S NMe,

eMe eMe

NI\

w
—_—
=

w2

BeMe CH2
2

Me2N CH2

(2,6)

Dimethylberyllium reacts with acetoxime to form a tetramer,
(MeBe0N=CMe2)4. The p.m.r. spectrum of this compound is very interesting
‘and will be.discussed along with the analogous zinc compound. A tetra-
'meric product is also formed when dimethylberyllium reacts with 8-hydroxy-
quinoline, it is believed to consist of two (non planar) dimeric units
(2,7), parallel’. to each other, with co-ordination between each oxygen
in one dimer and beryllium in another to give a tetramer containing

66

three co-ordinate oxygen and four co-ordinate beryllium.
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Me’

Be—0

0

(2,7)

Reactions of organozinc compounds with acidic hydrogen

Reactions involving zinc di-alkyls and compounds containing acidic
hydrogen have been known for many years.70’71’72

. Table 7 lists a series of aminozinc alkyls formed by reaction of a
74

’ The products are all dimeric

zinc dialkyl with a secondary amine.
in contrast to the analogous beryllium combounds where both dimers and
trimers are formed. The crystal structure of (MeZnNth)2 has been

examined by X-ray diffraction75 and is shown below (2,8). Dimethylzinc
and an equimolar amount of dimethylamine gives only bis(diemthylamino)-

zinc as an insoluble, involatile, presumably polymeric white solid. No

evidence for (MeZnNMez)n was obtained.73 The acidolysis of various zinc
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dialkyls in Pri20 with several amines has been studied from a kinetic

viewpoint, and the intermediates were not examined.

With the exception of (MeZnNMeC2H4NMe2)273 whose structure is
- believed to be similar to the beryllium analogue (2,3) and would thus
contain 4-co-ordinate zinc, the aminozinc alkyls listed in Table 7
contain 3-co-ordinate zinc. This explains the ease of formation of the
yellow, crystalline complex, Me(py)ZZnNPhZ, which is monomeric. However,
addition of one mol. of pyridine results in disproportionation and

73

formation of pyZZn(Nth)z. Aminozinc alkyls react with some

unsaturated molecules:




24
RZnNR'2 + R'"N=C=X RZn-NR"-C-NR', (x =0,8)
RZnNR',, + CX RZn-X-C-NR' (x =0,8)
2 2 " 2 ?
74

The products were not examined.

Similar reactions-take place between zinc dialkyls and secondary
phosphines.78 The products are more associated than the corresponding
aminozinc compounds, (EthPth) being insoluble in benzene and
(PthNth) having a degree of association of ca.7. Unlike the amino
compounds, RZnPR'Z reacts with a second mole of phosphine to produce
Zn(PR'z)z.

Diethylzinc reacts with water at 0° and only one ethyl group is

displaced,79 the product has been formulated, (2,9):

H
0

Et——Zn/ \Zn—Et
N

(2,9)

Crystalline products from zinc dialkyls and alcohols have been known for

some time70 and Table 8 lists a series of-such products. The products are
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generally tetramers except when very bulky groups are present. X-ray

crystallographic examination of methylzinc methoxide has shown it to

possess the highly symmetrical cubane structure shown in (2,10),80

the structure consistiné of two interpenetrating tetrahedra, one of
zinc atoms, the other of oxygen atoms. The crystal structure of ethyl-
zinc t-butoxide is reported to be similar.8

The tetrameric structure allows the alkoxides to become co-ordinately

saturated and only the less basic phenoxide forms a pyridine adduct:
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PY. 0 Me

Ph
%(MeZnOPh)4 + 2py —> \\\Stdg/// \\\\‘zﬁ////
NVNZERN
h

0
P

Py

The infrared spectrum of methylzinc methoxide is virtually identical
whether recorded as a Nujol mull of the crystaliine solid, as a solution
in cyclohexane, or as a solution in_cyclohexane to which a mole of
pyridine per gram-atom of zinc had been added.82 The nearly cubic
structure of the crystal persisting in solution. The stronger Lewis
base, 4-dimethylaminopyridine-causes (MeZnOM.e)4 to form a crystalline
adduct [MeZNC5H4N.Zn(OMe)Me] which is largely dissociated in benzene
solution.

The siloxy compound, CH3ZnOSiMe3, is also tetrameric in hydrocarbon
solvents.83 Trimers are produced in the reaction between zinc dialkyls
and 2-dimethylaminoethanol, and the products do not react with excess
methyl iodide; a structure analogous to mefhylberyllium 2-dimethylamino-
ethylsulphide (2,6) is therefore pr0posed.82

. The p.m.r. spectfa of the alkylzinc alkoxides have evoked

considerable interest. The spectrum of methylzinc methoxide was reported

to consist of two doublets at 250, one due to CEB—Zn and the other due to
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CESO-Zn. The methyl-zinc doublet collapses to a singlet on heating to
40° but the methoxy doublet remains even up to 100°. The spectrum of
methylzinc—;—butoxide consists of the expected two singlets. This was
explained in terms of isomeric forms of the methoxide not available to
the t-butoxide on steric grounds.73 A study of the methanolysis of
dimethylzinc in several proportions, solvents and at various temperatures
haé led to the conclusion that methylzinc methoxide exists as an
equilibrium mixture of dimethylzinc, (MeZnOMe)x, and a methylzinc
methoxide, Me6Zn7(OMe)8. The p.m.r. spectrum of methylzinc methoxide
being the expected two lines when freshly prgpared, changing with time
to the two doublets due to the above disproportionation.84’85 Similar

results were obtained with the systems diphenylzinc-methanol, dimethyl-

zinc-ethanol, diphenylzinc-ethanol. Methylzinc isopropoxide and t-
4,85

butoxide are considered to remain as tetramers in solution. '’

Similar explanations cannot be applied to the p.m.r. spectra of alkyl-
beryllium alkoxides as dimethylberyllium is insoluble in hydrocarbons
and no precipitates were observed.2

The reaction betﬁeen acetoxime and diethylzinc was first reported
more than thirty years ago,72 insoluble (MeZC=N0)ZZn and soluble
(Me2C=NOZnEt) being produced. No molecular weight data were recorded
for the latter. The methylzinc analogue is tetrameric in benzene

The crystal structure has been determined
74

solution, (MeZn0N=CMe2)4.82

by X-ray diffraction and is shown below (2,11).
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Each.zinc atom is four co-ordinate, and all nitrogen and oxygen atoms are
three co-ordinate. The structure consists of four five-membered rings
and two six-membered rings fused together. There are three different
co-ordination enviromments for Zn in this structure, however, in benzene
solution the p.m.r. spectrum showed only a single resonance due to
. . 66

Zn—CH3, possible due to exchange processes. The beryllium analogue
showed three Be—CH3 resonances in the ratio 2:1:1 suggesting that the

compounds have similar structures and exchange processes are slow in the

case of beryllium.




-29-

The reaction between benzophenone and RZZn is interesting:

o
110 . .
+ MeZZn —Esiagﬁge'yellow. MeZZn recovered quantitatively

Ph2C=0 + EtZZn —_— (EthOCHth)3 + CZH4

+ PhZZn —_— (PthOCPhB )2

The two compounds produced clearly showing the effect of steric

hindrance on degree of associa;ion.

Reaction between zinc dialkyls and thiols give compounds of the
type (RZnSR')x. The degrees of association of these compounds are
peculiar. When R' = Ph, Prn, Me; R=Me then the product is an insoluble
polymer. When R' = Pri, But; R=Me then the degrees of association are 6
and 5 respectively, ethylzinc t-butylsulphide is also pentameric.73 All
the above thio compounds dissolve in benzene to which pyridine has been
added but only in one case was a crystalline complex isolated,
[Me(py)ZnSBut]z. The crystal structure of (MeZnSBut)5 has been studied
by X-ray diffraction and is shown (2,12) below.86

Dimethylzinc reacts with acetic acid and with dimethylphosphinic

acid to give insoluble polymeric solids.73
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Reactions of organomagnesium compounds with acidic hydrogen

The reactions of secondary amines with magnesium dialkyls have been
studied by Coates and Ridley,22 the nature of the products being
complicated due to the fact that they can associate through both
bridging amino and alkyl groups. Therefore compounds of the type
RMgNR'2 are likely to be polymeric. Where the alkyl groups are large
dimers have been prepared and these contain previously unknown 3-co-
ordinate magnesium. Table 9 lists some of the amlinomagnesium alkyls and
some of their complexes.

| Reaction between dimethylamine and one molar equivalent of diethyl-

magnesium gives the insoluble, polymeric, bisdimethylaminomagnesium.
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It is likely_that EtMgNMe2 is an intermediate and any disproportionation
would. proceed to completion due to the insolubility of the product.

When amines with larger organic groups are used disproportionation does
not occur but the products cannot be freed from ether. When THF is
added to EtMgNR2 (R= Et,Pri) in hexane solution, removal of solvent
leaves syrups with the formulae (EtMgNRz)éTHF; these are associated to
some extent in benzemne solution. Monomers would contain both three and
four co-ordinate magnesium, dimers can readily be formulated (2,13) with

four co-ordinate magnesium.

TH3

N AN
ANV AN

A
CH

2,13

The p.m.r. spectra show only one quartet due to Mg-C_I-lz-CH3 due to rapid
exchange taking place.
Reactions with diphenylamine are simpler, e.g. EtMgNPh2 is insoluble

in hot toluene and is presumed polymeric. This dissolves in THF to give




-32-

the monomeric EtMgNth(THF)z. With di-isopropylmagnesium a bis-ether
complex is formed Pri(thN)Mg(OEtZ)2 which dissociates in toluene
solution depositing the polymer, (PrngNPhZ)X, likely to contain both
nitrogen and alkyl bridges.22 Diphenylamine will also eliminate both
ethyl groups from diethylmagnesium giving Mg(Nth)Z_which is insoluble
in ether but can be recrystallised from THF.87

Di-isopropylamine reacts with di-isopropylmagnesium to form

PrlMgNPrl2 which is dimeric in benzene solution and must be formulated

with three co-ordinate magnesium.

Priz Me,

N CH,

/ S
i i i i
Pr Mg\ / g Pr Pr,N— Mg, Mg ——NPr™,

N7 o:

Prlz Mez

2,14 2,15

Structure (2,14) ispreferred as nitrogen bound to electropositive
magnesium will act as a strong electron donor and thus be a better
bridging atom than carbon.

Three-co-ordinate magnesium, and two possible structures as above,
are found in the dimeric aminomagnesium alkyls formed from (a) diethyl
magnesium and 2,2,6,6-tetramethylpiperidine, and (b) diethylmagnesium

and benzylideneaniline (2,15). The latter on hydrolysis yields the
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expected amine PhCHEt.NHPh.22

Et
PhCH Ph

AN
.Efng . u/// \\\\\ |

- NS
N\

Et

CHPh
Et

(2,16)

Reaction between diethylmagnesium and phenyl cyanide gives a product,
EtMgN:CPhEt, which is extensively associated.

Issleib and Deylig87 have studied the reactions of diethylmagnesium
with various phenylphosphines. With an excess of diphenylphosphiné the
insoluble Mg(Pth)2 is formed which is presumably polymeric but can be
recrystallised from THF as Mg(PPh2)2.4THF. In 1:1 mdlar proport;ons
thié reaction gives crystalline EtMgPth.OEt2 which may well be dimeric,
but no molecular weight was reported. The ether can be removed on
heating to 100°.

Diethylmagnesium reacts with an equal amount of phenylphosphine to

give EtMgPHPh from which the second ethyl group can be removed by heatingi
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160°

Et, Mg + PhPH, —— (EtMgPHPh)n —> (MgPPh)_

2 2
An excess of phenylphosphine produces bisphenylphosphinomagnesium at
25°, The chelating phosphine, P,P'diphenyl-1,3 diphosphinopropane,
removes both ethyl groups from diethylmagnesium to form a chelate
compound which is monomeric in THF. Higher homologues of the diphosphine
produce polymers.

The first reported alkylmagnesium alkoxide was EtMgOEt prepared by
the pyrolysis of diethylmagnesium'containing some solvent ether,
cleavage of solvent molecules forming EtMgOEt, which sublimes out of the

: 88
reaction mixture,  not Mng_H4 as first thought.89 Alkylmagnesium

alkoxides have been prepared by direct synthesis in hydrocarbon solvents:

2Bu”C1 + 2Mg + Pr'OH ——> Bu"MgOPr ™ + MgCl, + Bu'H
Bu'Cl + Mg + Pr'ONa —> Bu'MgOPr  + NaCl

The product is trimeric in benzene solution.91 The proposed structure,
an Mg303 ring contains three co-ordinate magnesium, and Mg-O sx-bonding
is proposed to account for the lack of acceptor properties for this
molecule. The reaction between magnesium dialkyls and alcohols has been
studied47 and Table 10 lists some data on alkylmagnesium alkoxides
prepared by this and the other methods discussed earlier.

The degree of association of alkylmagnesium alkoxides depends on
the nature oflthe alkoxide group. If there is chain branching at the
carbon o to oxygen then only tetramers (cryoscopically in benzene) are

Q
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formed. These compounds probably have a cubane structure similar to
that of MeZnOMe80 and EthOBut.81 When no branching occurs at the
carbon atom ¢ to the oxygen atom then more associated species are
formed, EtMgOEt is too insoluble in benzene for its molecqlar weight to
be determined. These.alkoxides are probably polymeric in the solid
state. Some of these alkoxides have been prepared by the addition of
magnesium dialkyls to carbonyl compounds.

Some alkylmagnesium alkoxides are tetramers in diethylether
solution, (EtMgOEt)4, (MeMgOBut)4 and (EtMgOBut)A, but two are dimers,
(EtMgOCMeEt2)2 and (EtMgOCEt3)2.47 All the alkoxyberyllium alkyls
studied are dimeric in diethylether solution.20

The p.m.r. spectra of some of the alkoxides are interesting in
that in some cases the resonances are split into doublets, but no
satisfactory explanation could be offered.47

Alkylthiomagnesium alkyls,93 (Table 11), disproportionate more
readily than their zinc analogues. Some complexes have been prepared and
are believed to contain sulphur bridges. Tetrameric ethylmagnesium t-
butylsulphide is produced when ether free reagents are used. It can be
formﬁlated as.a Mg, S, cube as for methylzinc me_thoxide,80 other
structures fequire a formulation using three co-ordinate magnesium.

Di-t-butylmagnesium reacts with 2-dimethylaminoethanethiol to

produce a dimer whose structure (2,17) is shown below:
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(2,17)

The corresponding methylmagnesium derivative is tetrameric and three

structures are possible, an eight numbered Mg4S4 ring with each

dimethylamino group being co-ordinated to magnesium. More likely are

cubane structures, two of which are possible, (2,18) and (2,19):93

274772
) /|
Me2N02H4T ‘ MgMe
MezNC2H4S —>MgMe

MeMgé———— SC,H, Nite,,

(2,18)

MeMg<—NMe2C2H S

SC2H4N'Me2———> Me

SC2H 4NMe 9 —MgMe

MeMg'«——NMe,,C,H, S

(2,19)
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In structure (2,18) the dimethylamino-groups would very likely be near
a neighbouring magnesium atom, which would be effectively five co-
ordinate. (2,19) is .an .alternative structure.93 An X-ray structural

investigation of this compound is being undertaken.94

Reactions dfvorganocadmium compounds with acidic hydrogen;95

Table 12 lists a series of compounds produced by reaction of
dimethylcadmium with alcohols and thiols. The alkylcadmium alkoxides
are similar to those of zinc with one striking difference, viz. methyl-
cadmium t-butoxide is dimeric. The reason for this is somewhat obscure,
entropy would favour dimers but in all other cases tetramers are formed
so this cannot be the reason. Steric crowding would be more pronounced
. t . . R 95
in (MeZnOBu )4 than in the corresponding cadmium tetramer. The
. ., 83 . .

3, 18 tetrameric, ~ this compound is an

analogue of the t-butoxide but there is less steric hindrance due to the

siloxy derivative, MeCdOSiMe

greater size of the Si atom. The alkoxides do not form pyridine adducts
but methylcadmium phenoxide forms a complex, [Me(py)CdOPh]z, which is
partially dissociated in benzene solution.

Polymeric products are obtained from Me2Cd and RSH unless R is a
branched chain group. Thus MeCdSPri is hexameric, (2,20) and the more
sterically hindered MeCdSBut is tetrameric. No stoichiometric

pyridine adducts are formed.
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Pr{ cd Me
Me__ / \S _Pr
I d/ Me

Me<ry s Pr
pri> \ /Cd\Me

",Cki--s.\\~
Me Pri
2,20

‘Mercurz

Mercury dialkyls do not react even with water or dilute mineral
acids and, therefore, undergo no reactions as described for the other
elements of Group II. Organomercury alkoxides can be prepared:

RHgCl + NaOR' —> RHgOR' + NaCl

The products are trimeric.
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Anionic Complexes of the Group II dialkyls

A series of ether-free complexes of diethylberyllium, with the

general formula'MX(BeEtz)n, [M = alkali metal; X = halide, CN; n = 1,2,4],

97,98,99,100

have been prepared. The tendency to complex formation is

Cs> Rb> K> Na and F > Cl: complexes with M = NRZ have also been

prepared. The crystalline salt KF(BeEt2)2 decomposes at 70° in benzene
and ether-free diethylberyllium can be distilled out. Heating
KF(BeEtZ)2 to 100-130° also affords ether-free diethylberyllium. In

both cases insoluble KF.BeEt, is produced.97 This reaction appears to

2

be fairly general for these complexes.100
Complexes of beryllium dialkyls with alkali-metal hydrides will be
discussed in the section on hydrides of Group II. Diphenylberyllium

reacts exothermically with phenyl-lithium and the complex LiBePh3 can

-be crystallised.101 .The complex NaBeEt3 has been described as a

catalyst for the dimerisation of pr0pene.1
Study of the 'H and 7Li magnetic resonance spectra of methyl-lithium
and dimethylzinc has established complex formation. The equilibria

involved are very labile and exchange of methyl groups takes place even

at -1070.103

104,105

Phenyl-lithium forms complexes with PhZZn,‘Mg and Cd, LiMPh3

and complexes containing a higher proportion of PhLi can also be

isolated.
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Organometal halides of Group II.

The Grignard reagents are the best known examples of this type of
'compound and a considerable amount of information on them is available.6’7
In contrast the chemistry of the organoberyllium halides has scarcely
been developed. Methylberyllium chloride, prepared from dimethylberyllium
apd dry hydrogen chloride, is a white solid less volatile than dimethyl-
beryllium and evidently highly polymerised.59 Other alkylberyllium
halides have been prepared by heating an alkyl halide with beryllium in

. 106,107,108

a tub The preparation of alkylberyllium hydride derivatives

from R2Be,»BeBr2 and 2L:'LH60 infers the presence of RBeBr. Tracer
studies, using7 Be, show that redistribution does not take place between
diphenylberyllium and beryllium bromide in ether.109 Redistribution
does take place in the MezBe/BeBr2 system as shown by low temperature
n.m.r. studies, ebullioscopic molecular weight data and precipitation
of a 1:1 MeBeBr complex with 1,4 dioxan.110

Organozinc halides have been known for a considerable time, and
ethylzinc iodide was one of the earliest known organometallic compounds.111
Organozinc halides can be prepared by both the methods described above
for beryllium. The ethylzinc halides (EtZnX) are interesting, when
X = Cl, Br the products are tetrameric in benzene, and a cubane
_structure like that of methylzinc methoxide (2,10) has been proposed.112

In contrast, ethylzinc iodide disproportionates in benzene solution. 1In

the solid state it is a co-ordination polymer and its structure, as
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determined by X-ray methods,113 is shown below, (2,21).

I ~&8s }C 149
N 2y
29 \Zn/c\
29
Cc . 105'|
J N
c /Z’ios"
: | \n CC
; \\\br/’ N\
41
o\
/ Zn

2,2l

>

Organocadmium halides have been prepared by the redistribution
reaction, no information is available as to their structure.
Organomercury halides are extensively discussed in the literature

and are reviewed by Coates and Wade4 (p.148-157).
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Hydride Chemistry of Beryllium

Beryllium hydride has been prepared by a variety of methods and in
varying degrees of purity.

Schlesinger and_co-workers114 first'reported its preparation from
lithium aluminium hydride and dimethylberyllium, both in diethylether
solution. The product, a white, insoluble, involatile solid, contained
60 mole 7 of beryllium hydride; the remainder was assumed to be ether.
Later work has shown the product to be contaminated with lithium and
aiuminium.115 Pyrolysis of di-tert-butylberyllium etherate gave an
improved product; after pyrolysis at 150° the product contained 89 mole %
beryllium hydride and this increased to 96 mole % at 2100.34 Pyrolysis
of ether free di-tert-butylberyllium results in the formation of
beryllium hydride which is 98 mole % pure.115 The purest beryllium
hydride reported so far has been made by abstracting BH3 groups from

beryllium borohydride with triphenylphosphine,116

o,
150o in xylene, ory BeH, + 2Ph3PBH3
180" (sealed tube)

2Ph3P + Be(BH4)2

The product contains up to 99°5 mole % of beryllium hydride, the

remainder being triphenylphosphineborane.

A surface reaction takes place between beryllium chloride and

1ithium hydride has been observed117 but it was not possible to separate
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the product from excess lithium hydride.115 Various other methods of
preparation have been attempted.118
The pyrolysis of di-tert-butylberyllium and its etherate have been

re-examined, the evolved gases being subjected to gas chromatographic

analysis. Small amounts of isobutane and ethane are produced as well as

. - . . . 119
isobutene and ether. A reaction scheme is proposed to account for this.

The properties of berylliuﬁ hydride depend on its mode of formation.
The purest beryllium hydride prepared by pyrolysis115 had a density of
0°+57 g/cc at -1100, and was only slowly attacked by water, the addition
of acid being necessary to complete hydrolysis. It decomposes from 200°
to hydrogen and beryllium. In contrast, beryllium hydride prepared by
precipitation114 decomposed quite rapidly at 125° and reacted vigorously
with water vapour at -196°.

The infrared-red spectra of beryllium hydride116 and beryllium

deuteride120 are shown below (3,1):

nujol
BERYLLIUM HYDRIDE —— DEUTERIDE ~ -—----

from the borohydride
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The main feature of the infrared spectrum of beryllium hydride is a
rather broad (width at half-height ~ 310 cm_}) peak centred on 1758 cm_l.

The deuteride has a broad absorption centred on 1340 cm_1 and with a

116,120

peak width at half-height of 280 cm—l, the ratio vH/vD is 1-31.

This compares with values of 1°31-1°35 obtained for the stretching

modes of bridging hydrogen in diborane and the methyldiboranes.121 The

broad infrared absorptions of the hydride and deuteride, which are
amorphous by X-ray diffraction, must involve a range of beryllium-hydrogen

bond types. No absorptions were observed when the Raman spectrum of a

sample of beryllium hydride was studied.122

Alkali metal hydrides react with beryllium dialkyls and diarylslzz;"126
in ether solution to give complexes of the type MBeRZH (M = Na; R = Me,

Et, Prn, Bu': M = Li; R = Et, Ph). Di-tert-butylberyllium, however,

b]

reacts with sodium hydride to give the 1:2 compound Na(ButZBe)ZH.OEtz.127

Sodium hydridodiethylberyllate crystallises from ether with one
molecule of ether per sodium atom, although the ether is readily removed

at Iow pressures (dissociation pressure 17 mm. at 250).124 X-ray

diffraction has shown the molecule to have the structure (3,2).128

The structure shows the existence of Et4Be2H2 units with the
beryllium atoms linked by hydrogen bridges.

Ethereal 1ithium'hydridodiethylberyllate reacts with a half;molar
proportion of beryllium chloride, precipitating lithium chloride and

giving a solution containing "Et4Be3H2“.123 This type of reaction has
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been fully investigated for other systems (M = Na; R = Me, Et).124

Evaporation of solvent from ethereal "Me4Be3H2" results in the formation
of an oily residue of approximate composition "Me4Be3H2.OEt2" vwhich is
considered to be some kind of electron deficient complex between

dimethylberyllium and methylberyllium hydride such as-(3,3). In this

system many species are likely to be present in mobile equilibrium.
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Addition of donor molecules to "Me4Be3H2" causes them to behave as
mixtures of R,Be and "RBeH", thus addition of trimethylamine gives
MezBé.NMe3 and the complex RBeH.NMe3 which can be separated by
fractional condensation.124 The hydride complex is dimeric in benzene
solution (cryoscopically) and has a normal Trouton constant (from
vapour pressure data to 1100). Thus the molecules are dimeric in the
vapour phase also. The compound is formulated (3,4) with hydrogen
rather than methyl bridges124 as it is not decomposed by excess tfimethyl-

amine which readily depolymerises dimethylberyllium.29

Me3N JH ////Me
\\NBé’ " Bé
Me/// S K\\NM<33
(3,4)

Coates and Glockling first reported the preparation of organo-
beryllium hydrides in 1954, Pyrolysis of di-isopropylberyllium at 200°

results in the evolution of propene and the formation of a glass. This
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was formulated as polymeric isopropylberyllium hydride. Pyrolysis of
dimethylaminoisopropylberyllium results in the formation of glassy
dimethylaminoberyllium hydride. These products were not studied
further'.34

Evidence for the formation of methylberyllium hydride was obtained
by the dissolution of dimethylberyllium in a pentane solution of

dimethylaluminium hydride:114

Me,Be + Me,AlH —— "MeBeH" + Me.Al

2 3

The product was not obtained free of aluminium and was not studied in

detail.
Alkyl-hydrogen,-but'not alkyl-alkyl, exchange takes place when

triethylstannane is heated with RzBe (R = Me, Et) even in the presence

of ether.129

Organoberyllium hydrides, as their trimethylamine complexes, have

been prepared by the following route (R = Et,36 Ph129):

H ——> NaCl + EtBeBEt H

RBeCl + NaBEt, 3

EtBeBEt3H + 2NMe3 _— EtBeH.NMe3 + EtBB.NMeB

The simplest method of preparation of alkylberyllium hydrides is by
refluxing an ethereal solution of alkylberyllium bromide (R = Me, Et, Ph;

from R,Be + BeBrz) with lithium hydride:
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Et,0

R2Be + BeBr2 + 2LiH —— 2RBeH + 2LiBr

The ether is evaporated under reduced pressure after the addition of
benzene, precipitating lithium bromide, and leaving a benzene solution
of an ether complex of the alkylberyllium hydride.60 The above methods
(with the exception of the pyrolysis of di-isopropylberyllium) result
in the formation of an alkylberyllium hydride in the presence of a
donor solvent, that cannot be removed completely even on prolonged
pumping. There are complications. in pyrolysis procedures which will be
discussed later.

- Solutions of ether-solvated alkylberyllium hydrides have been used
to prepare co-ordination compounds. Monodentate ligands result in the
formation of dimeric complexes, (RBeH.L)z, which are formulated as
(3,4). Attempts to prepare monomeric complexes, LzBe(Me)H, by the use
of chelating ligands were not successful. Addition of N,N,N' ,N'-tetra-
methylethylenediamine to a solution of methylberyllium hydride results
in the formation of a white brecipitate of constitution,
[(MeBeH)zMezNC2H4NMe2]n, which is insoluble-in hydrocarbons, ether,

carbon tetrachloride, and carbon disulphide. It is presumed to be

polymeric with structure (3,5):
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A similar product is obtained with 1,2-dimethoxyethane except that
the product is a viscous oil.124

Attempts to prepare a complex with 2,2'-bipyridyl were not
successful, evidently the Be-H groups added across the azomethine bond.124
A pyridine complex, (MepyBeH)z, can be formed if the reaction is
carried out at a low temperature and if only one mole of pyridine per
gram-atom of beryllium is added. Addition of excess pyridine results in
the formation of an orange dihydropyridine, (CSH6N(Me)Bepy2), derivative
containing no beryllium hydrogen bonds.60 Co-ordination compounds of
organoberyllium hydrides are listed in Table 13.

Some reactions of alkylberyllium hydrides with azomethine and
carbonyl groups have been mentioned earlier in connection with amino-
and alkoxy-derivatives of organoberyllium compounds.

Alkylseryllium hydrides react with alkenes under certain conditions.

A process in which beryllium chloride reacts with triethylaluminium

giving ethylberyllium chloride, which then reacts in diethyl ether with
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sodium hydride and ethylene at 65° ( 6 hr., 8 atm.) giving diethyl-

beryllium, has been described.130 These reactions must have included

a stage in which ethylene adds to ethylberyllium hydride. Bell and

Coates have studied the reactions of a series of alkenes with organo-
beryllium hydrides.60

. ] 131,132
The hydroboronation of alkenes is strongly catalysed by ethers, ’
but the addition of aluminium-hydrogen bonds across olefins is retarded

133 The latter observation being based on

by the use of ether as solvent.
observations that ethylene adds to lithium aluminium hydride in the

absence of ether but not in the presence of ether. Studies on the

reactions of dialkylaluminium hydrides with olefins have been reviewed

at 1ength.133’134

Tri-isobutylaluminium reacts with propene or ethylene
displacing isobutene, effectively a reaction of di-isobutylaluminium

hydride. The affinities for the three types of alkenes are:

kl k2

CH, > MeCH:CH, ) Me,C:CH (ky ~ &, ~ 40)

2 2 2

Where kl and k2 are the equilibrium constants for the displacement of
the other olefin. 1,2-di-substituted olefins add to alkenes about 100
times more slowly than a-olefins. The effect of donor solvents on
these reactions has not been reported.

Sodium diethylberyllium hydride reacts with ethylene readily in

6 L
the presence of ether, but only sluggishly in its absence. 0 This is a
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marked contrast to tﬁe case of lithium aluminium hydride mentioned
earlier.133 Bell and Coates studied the reactions of pentenes and
higher olefins with ethylberyllium hydride in benzene solution
containing some diethyl ether using p.m.r. spectroscopy. Progress of
the reaction was studied by observing the decrease of the olefinic
resonances. Table 14 lists the half lives of some reactions. The
results show that the addition to pent-l-ene takes place over 200

times faster than to pent-2-ene. No reaction was observed wifh 2-methyl-
but-2-ene. Bromination of the products showed that the reaction
resembles hydroboronation both in the relative amount of product in
.which the beryllium (or boron) is in the 1- or the 2-position and in
the migration of beryllium to the end of a carbon chain. -

Beryllium hydride did not react with pent-l-ene after a week at
but reaction was half complete after 40 hr. at 84° when a trace of

ethylberyllium hydride had previously been added.60

840

3

Beryllium hydride reacts with two moles of dimethylamine, on
heating to 160° for 10 hr., forming bisdimethylaminoberyllium.34
Recently reactions have been carried out between beryllium hydride and
one mol. of several secondary amines.135 No aminoberyllium hydride was
obtained from dimethylamine, di-isopropylamine, or 2,2,6,6-tetramethyl-
piperidine. With dimethylamine a material of approximate composition,
HBez(NMe2)3, was obtained. Reaction of beryllium hydride with

2-dimethylaminoethanol and 2—dimethylamino_ethanethiol135 gave
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[Be(OCzH4NMe2)2]X and [Be(SC H NMe2)2]2, respectively, which have been

described.68
In contrast, a well-defined crystalline product is obtained from
beryllium hydride and N,N,N'-trimethylethylenediamine and is trimeric

in benzene solution, [HBeN(Me)C2H4NMe2]3. The structure (3,6) may

exist in solution:

\ 2 l 2
NM NM
\e / %2
Qe
H h
cH Me. N ; NMe —— CH

(3,6)

although more complex structures cannot be excluded. The compound
sublimes unchanged and forms triclinic crystals. Crystallographic
studies are in pfogress, and show that the compound has only two formula
units, HBeNMeC, H NMe in the unit ce11.94 Hence the degree of

24

association in the crystal must be different from that in benzene

solution.

The amino-hydride (3;6) reduces benzophenone and benzylideneaniline
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in toluene at room temperature, but the intermediates were not isolated.

It (3,6) did not react with sodium or potassium hydride.135

Beryllium hydride reacts with benzophenone and benzylideneaniline

in tetrahydrofuran to produce (PhZCHOBeH)N8 and (HBeNPhCH,Ph.THF)

2
respectively. The latter is somewhat dissociated in benzene solution.135

The reactions of bisdimethylaminoberyllium with some alkylaluminium
hydrides, trimethylamine-alane and trimethylaluminium have been

investigated. Mixed beryllium-aluminium complexes were formed but no

methyl-dimethylamino exchange was observed.136

Attempts to prepare methylberyllium by the sublimation of dimethyl-

beryllium from "MehBeBHQH were not successful. Extensive disproportion-

ation takes place in the range 170—2100>which continued until the
hydride: methyl ratio was 10°4:1. At higher temperatures decomposition

took place.124 Heating "Et4Be3H2" for 8 hours at 70-80° leaves a

glassy residue of mainly ethylberyllium hydride. If a solution of
sodium hydridodiethylberyllate is prepared from excess sodium hydride
and a half molar proportion of beryllium chloride is added, then more
sodium hydride dissolves and the solution contains a mixture of

"Et4Be3H2" and NaBeEtzH. Pyrolysis of this mixture at 180° leaves a

residue of BeH2 ( 5 mol.) + NazBezH6 (3 mol.) or BeH2.(8 mol.) +

NaZBeH4 ( 3 mol.). Further evidence for an ether insoluble sodium

beryllium hydride was obtained by boiling ethereal solutions of

"Et Be.H." with excess sodium hydride. The Et:H ratio in solution is

477372
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always at least 2:1, but NaEt,BeH can be isolated from solution showing

2
that sodium hydride has dissolved and that hydride has left solution as

beryllium hydride or as a complex sodium salt.124

The ether insoluble hydride Na BeH4 has been prepared:137

2

) " "
4NaEtzBeH + BeCl2 ————-%>2NaCli + NazBeSEtSH4

o
v 180
1"
NaZBeSEt8H4 —————9»4Et2Be + NazBeH4
Ether-insoluble salts of the type BeH2(LiH)n have been reported in a

. . . 117
preliminary communication.

Lithium beryllium hydride, Li,BeH,, has been prepared from lithium

27742
diethylberyllium hydride using the above reaction scheme.138

Unlike beryllium hydride, both NazBeH4 and LizBeH4 give X-ray
diffraction patterns, none of the lines characteristic of sodium
hydride being present. Attempts to prepare MBeH3 (M = Li, Na) resulted

in the formation of a mixture of BeH2 and MzBeH4 since their X-ray

powder patterns contain (with the exception of one weak line in each

case) only the lines due to MZBeH4.138

M,BeH, (M = Li, Na) are regarded as electron-deficient polymers

2
with strongly polarised metal-hydrogen bonds, rather than as salts
analogous to MBH4.137’138 They are somewhat more reactive than

beryllium hydride prepared by the pyrolysis of di-t-butylberyllium.

Sodium beryllium hydride dissolves in methanol below room temperature
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to form NaBe(OMe)3(MeOH). An identical product is obtained by
dissolving beryllium in methanolic sodium methoxide.138
The pyrolysis of sodium di-isobutylberyllium hydride has been

carried out, aimed at the preparation of NaBeH Products of the type

3
NaI + x BeH3 +ox hgve begn obtained, and di-isobutylberyllium distils
~ out of the pyrolysis-vessel. X-Ray powder photographs of the product
are independent of x and characteristic only of NazBeHh. The reaction

is believed to take the course:126

i i
NaBu 2BeH -————4»,[NaBu.BeH2] + C4H8

1 1_ i
iNazBeH.4 + EBU 2Be

Evidence for exchange was obtained when di-isobutylaluminium hydride
was heated with methylberyllium t-butoxide in toluene, but no simple
product was isolable. The reaction between beryllium di-t-butoxide and
two mols. of di-isobutylaluminium hydride was studied by p.m.r.
spectroscopy. After 3 hours at 70-80° the depositioﬁbof some glassy
material was observed and the p.m.r. spectrum showed that all the t-
butoxyberyllium groups had disappeared from solution. The p.m.r.
spectrum being identical with that of di-isobutylaluminium t-butoxide.

A product approximating to a butoxyberyllium hydride was obtained.

Bell and Coateé138 have studied exchange reactions between a series
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of beryllium compounds and sodium triethylaluminium hydride,139 with
the precipitation of a series of alkali metal beryllium hydrides. The
results are summarised in Table 15. X-Ray powder diffraction studies

showed the presence of Na BeH4 in the precipitates and they appear to

2
. . . 138
together with some other material.

be mixtures with BeH2
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Hydride Chemistry of Magnesium

Magnesium hydride has been prepared by various methods in varying
degrees of purity. It was first prepared by the pyrolysis of diethyl-
magnesium,14o which loses ethylene at 170° and by the pyrolysis of

ethylmagnesium iodide at 175°. These reactions have been investigated

89,141,142,143

in detail. It was found that some other reaction was
taking place during the pyrolysis and a white crystalline solid
sublimed out of the reaction vessel.89 This was given the formula
MgC,H, and thought to be a polymer of the type (Mg-CHz-CHz—Mg-CHZ-CHZ—)x.
It was later shown to be ethylmagnesium ethoxide produced by cleavage
88
of the ether present.

The preparation of hydrohalides of magnesium (HMgX.nEtZO, n 1)
by the hydrogenation of ethylmagnesium halides at 100-150° has been
reported.

. 145 .

The preparation of HMgX(THF)2 has been reported as a crystalline

‘solid by bubbling dirborane into a Grignard solution in THF or ether,

ineither case the dietherate was obtained. These have now been shown

to be halomagnesium borohydrides:14

THF or Et20
A =
3EtMgCl + 2B2H6 e — BClMgBH4L2 + Et,B (L = THF or 0Et2)

The products are dimeric in benzene solution.
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Reaction between magnesium dialkyls and diborane can, under

certain circumstances, produce magnesium hydride. The complex reaction

scheme has been investigated by Baugr.147’148

Magnesium hydride, of about 75% purity, can be obtained by the
addition of an ether solution of lithium aluminium hydride to a large
excess of diethylmagnesium.114 The reaction is complex if other
ratios are used. Exchange occurs between diethylmagnesium and diethyl-
aluminium hydride,149 giving magnesium hydride and triethylaluminium.

In absence of solvent, magnesiuﬁ hydride 97/ pure was obtained.

Magnesium reacts directly with hydrogen at high temperature and

5,118

pressure. A variety of conditions and catalysts have been described.

Hydrogen also reacts directly, under pressure, with an ethereal solution

of a Grignard reagent:150

2RMgX + 2H, ——> 2RH + MgH, + MgX,

2

The structure of magnesium hydride has been shown by X-ray

diffraction to be of the rutile (Tioz) type with an Mg-H distance of

o 5
1'95A..143’151 A neutron diffraction study has also been carried out.152

The infrared spectrum contains a very broad band from 900-1600 cm~

with a maximum at 1160 cm-l.153 The vibration is thought to be due to

the valence vibrations of the Mg-H bond. Structure {3,7)‘13 assigned

to MgHZ:
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’ H\ ’H\ H\ IH N
Mg Mg Mg
. / ~ L’ ’ \‘\ - N .
“H | H H
(3,7)

An ionic structure cannot be ruled out and the actual structure
probably 1ies'between the two structures.

The properties of magnesium hydride depend upon the method of
preparation, due to a combination of purity and particle size. The
reactipn between magnesium hydride and ethylene154 gave a product
containing only 4% Mg-Et and traces of higher magnesium alkyl bonds.
"EfMgH" was not observed. Ethoxymagnesium hydride has béen prepared
by bubbling silane into an ethereal solution of diethylmagnesium. The

suggested reaction is:

xR,Mg + SiH, —> xRMgH + SiH(4-X)Rx

2 4

RMgH + Et,0 ——> HMgOC,H, + C,H,

2 275

Ethoxymagnesium hydride is an insoluble solid.155’156

No alkali-metal dialkylmagnesium hydride analogous, for example,

to NaEt.BeH resulted from diethylmagnesium and lithium, sodium, or

2

potassium hydride. Solvents used were diethyl ether, tetrahydrofuran,
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and 1,2-dimethoxyethane.157 Lithium hydride did not react with ethyl-
magnesium bromide on heating to 90°. Potassium hydride, in contrast,
reacts slowly in diethyl ether and analysis is consistent with the

. 157
reaction:

2EtMgBr + 2KH —> 2KBr + MgH2 + EtzMg

A complex, LiBunMezMg.OEt is formed from n-butyl-lithium and

2’
dimethylmagnesium in diethyl ether. On pyrolysis of the complex (16 hr.
at 160°) a mixture of LiH and MezMg is obtained.

Exchange reactions between sodium trialkylborohydrides and some

alkylmagnesium compounds result in the precipitation of magnesium

hydride. containing occluded alkyl groups.
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Hydride Chemistry of Zinc, Cadmium and Mercury

Zinc and cadmium hydrides can be prepared by the reaction of the
respective dialkyls with iithium aluminium hydride at low temperature.
In the case of zinc, zinc iodide may be used. A later study158 of the
zinc iodide reaction with lithium aluminium hydride, by conductimetric
tittation, showed two discontinuities in the titration curve at
ZnI2:LiA1H4 ratios of 1:4 and 1:2. The conductivity rose towards the
first point and fell towards the second, leading to the interpretation:

4LiAlH, + ZnI

" , — LiZ[Zn(Alﬂ4 )4]

f_ZnI2

\Z
ZZn(A1H4)2 + 2LiI

W

ZnH2 + 2A1H3 (in soln.)

The conductivity curve showed the formation of other complexes.

Zinc and cadmium hydrides are white, involatile, insoluble
materials which decompose at normal temperatures, zinc hydride slowly
and cadmium hydride rapidly at 00, giving hydrogen and the metals.159

Alkyl-hydrogen exchange takes place between diethylzinc and
diethylcadmium with diethylaluminium hydride but no metal hydrides were

isolated.149
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Evidence for the existence of methylzinc hydride was reported in
the observation that zinc hydride dissolves in ether containing a large
excess of dimethylzinc.160 Attempts to repeat this reaction and to
prepare methylzinc hydride by reaction of dimethylzinc trimethylamine
with lithium aluminium hydride, and of dimethylzinc with triethyl-
stanna_ne.faivled.9 |

Diborane reacts with dimethylzinc forming methylzinc borohydride
and zinc hydride,9 not (HZnBH4)X as previously reported.160 Methyl-

zinc borohydride is a volatile crystalline solid.

2MeZZn + BZH6 —_— MeZnBH4 + ZnH2 + Me3B

Zinc hydride reacts with N,N,N'-trimethylethylenediamine to form

HZnNMeC,H, NMe,,, a crystalline complex which is dimeric in benzene

27472
solution.135 The crystal structure (3,8) has been examined by X-ray
161 |

diffraction:
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Anionic hydride complexes of zinc are known. Lithium hydride
dissolves in an ethereal solution of diethylzinc and the complex
L}ZnPhZH(OEtz) can be crystallised.162 Sodium hydride adds two mols.

of diethylzinc in monoglyme or diglyme, giving Na(EtZZn)zH which
decomposes when attempts are made to isolate it.163
Attempts to prepare mercury hydride by alkyl-hydride exchange

failed even at —800, only mercury and hydrogen being produced.114 The

formation of HgH2 was reported by Wiberg and Henle164 at -1350, it

decomposed above -900.159'

Diethylaluminium hydride and diethylmercury react in the absence of
solvent forming mercury, hydrogen and ethane. The presence of ethane

is taken to indicate the transitory formation of ethylmercury hydride:149

—>
Et2Hg + H2 + Hg

Et Hg + Et

5 AlH —— Et Al + [EtHgH] —> Hg + EtH

2

Et2A1H

et
Et3A1 + [HgHZ]

l

Hg + H

2

Trimethylamine-alane reacts with organomercury compounds:

3
5 R Hg + Me N.AlH, —> 2Hg + 2EtH + 2Et)Be.NMe,
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The formation of metallic mercury and hydrogen was believed to arise
from the deéomposition of the unstable mercury(II) hydride or from the
disproportionation of "RHgH" giving R2Hg, mercury and hydrogen.16

The reaction of ethylberyllium hydride trimethylamine complex with
diethylmercury in the absence of solvent resulted in quantitative

evolution of ethane:129

(EtBeHN'Me3 )2 + 2Et2Hg —> 2Hg + 2EtH + 2Et2Be.NMe3

No hydrogen was formed in the reaction and there is no evidence for the

formation of mercury hydride intermediates.
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Spectroscopic Studies on Organic and Hydride Derivatives of Group II

The vibrational spectra of the dimethyl-derivatives of beryllium,165

15,16

14 . .
i and mercury  have been investigated in detail

zinc,14 cadmium,
and the observed frequencies assigned.

Solid dimethylberyllium was shown to have D2h symmetry with six
infrared active and six Raman active fundamental vibrations. The
assignments of the observed frequencies are listed in Table 16. A
value of 0°84 x 105 dynes cm-1 was obtained for the Be-C (bridging)
forcelconstant.165

Dimethylzinc, cadmium and mercury are monomeric liquids at room
temperature. The vibrational assignments of these, in terms of D3h
symmetry are listed in Table 17. The force constants for the M-C bonds
(M = Zn, Cd, Hg) are 2°39, 2°+05, and 2°45 x 105 dynes em™ respectively.
Infrared spéctra of dimethylberyllium have been recorded in the vapour
phaée.8 The unsaturated vapour of dimethylberyllium consists mainly of
monomeric MezBe.166 As expected a very simple infrared spectrum was
observed consistent with a linear C-Be-C skeleton. The molecule may be
reasonably assumed to have D3h symmetry as for dimethylzinc, cadmium;
and mercury. The saturated vapour contains dimeric and trimeric

Me,Be species,166 and as expected the infrared spectrum is considerably

2

more complex.

The vibrational spectrum of dicyclopentadienylberyllium has been
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examined.167 The structure (in the vapour phase) found by an electron-
diffraction study168 is confirmed both in the solid phase and in
solution. It has a sandwich type structure with an asymmetrically
positioned beryllium atom.

Full vibrational analyses have not been reported for magnesium
dialkyls. Absorptions due to v(Mg-C) have been observed in the region

500-535 cm™! for Me

M8, EtzMg, and some methyl and ethyl Grignard
reagents in ether and tetrahydrofuran. The corresponding absorptions

for phenylmagnesium compounds are between 365 and 383 cm_l.169

Coates and Ridley have assigned v(Zn-C), P(Zn-C), and 6Sym(Zn-C)
for a series of methyl- and ethyl-zinc derivatives.73

The presence of the BeHzBe bridge in sodium hydridodiethylberyllate
etherate was shown by X-ray diffraction.128 Infrared absorptions due
. . . .. 124170
to this, and the deuterated analogue, have been studied in some detail.
The vibrational modes of the BeHzBe bridge are analogous to the

171

vribrational modes of the BH2B bridge in diborane which are numbered

Vi (symmetric, out of phase) and V17 (asymmetric, in phase):
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Table 18 lists the assignments of vibrational frequencies for the

BeH,Be bridge.

2
Comparison of the spectra of methylberyllium- and methy1[2H3]

beryllium-compounds has enabled absorptions due to Be-CH, symmetric

3
deformations to be identified in the region 1186-1206 cm-l. Beryllium
methyl stretching vibrations are not clearly identified, but appear to
be in the range 700-900 em 1,170

The oniy reported example of terminal Be-H absorption is in the
vapour phase infrared spectrum of MeBeH.NMe3 at 800.124 Vapour
pressure measurements indicate the presence of monomer and a sharp
absorption was observed at 2141 cm-l. Emission electronic spectra -

-1172

indicate that a terminal Be-H should absorb near 2100 cm A

similar conclusion may be drawn from consideration of v(X-H) for the
~derivatives of the first short period.

The p.m.r. spectra of some alkylberyllium hydride co-ordination
complexes have been recorded. The absorption due to the BeHzBe bridge
have only been observed in three cases, data are given in Table 13.173
The failure to observe this resonance in all cases may be attributed
to an unfavourable relaxation time for the bridging protons on account
of their proximity to the beryllium nuclei, which have a quadruple
moment (I = 3/2) and are in an unsymmetrical electric environment.

The trimethylamine resonance of (MeBeH,NMe3)2 is partially split

at 25° and this has been interpreted as arising from the presence of
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cis- and trans-isomers (4,1):

Me Me Me3N Me
Be”~ " Be Be, Be
S e N e N
Me3N NMe3 Me NMe3
cis- trans-
(4,1)

This was confirmed by recording the spectrum over a range of temperature.

The observed spectra are shown in (4,2).

(Me;N-BeMeH), in C;D4

Effect of temperature on CH3;N resonance

‘ -51° -21° 14° 25° 40° 100°

?ﬂ :P‘
M o

TMS ’

: i il
cis —>» trans 4H = +3-1 kcal. mole”’ ~J r*~—~«ﬁ*--~

o ¢ 4S5 = +13 eu.

W,
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The changes in enthalpy and entropy for the cis-trans interconversion
were found to be MH = 31 + 02 keal.mole™! and 2 = 13 + 2 cal.deg._1
mole_l. Interactions with solvent molecules would be less for the
trans isomer (dipole moment zero) and therefore AS for the process
cis — trans should be positive. Therefore the cis isomer is the

173
one more stable at low temperatures.
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Apparatus and Techniques

The majority of compounds studied were sensitive to both oxygen
and moisture and therefore the work was carried out in an atmosphere
of dry, oxygen-free nitrogen.

Nitrogen - B.0.C. 'White Spot' quality was purified by passing
through copper needles at 400° to remove oxygen and through two traps
cooled in liquid nitrogen to remove the final traces of water.

Manipulations that could not be carried out under nitrogen on
the bench, e.g. making up of samples for infrared spectroscopy, were
carried out in a nitrogen filled glove box. The glove box was fitted
with a circulatory pump and when not in use the nitrogen was recycled
through a purifying system as used for the bench supply. When
necessary the oxidised copper wa§ regenerated by 'passing a stream of
hydrogen through the column at 120°. All connections were made using
5/16 inch copper tubing and flexible joints with butyl rubber tubing
to minimise permeability to oxygen. The gloves (supplied by The
Charleston Rubber Co.) were also of butyl rubber for the same reason.

A glove box using a room temperature purification system was
used in later work. Oxygen was removed by passing through a column
of manganous oxide supported on vermiculite and water and organic
vapours by passing through molecular sieves (4A'and 13X respectively).

Regeneration of the oxygen scrubber was by passing hydrogen through at
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3500. The molecular sieves were regenerated by pumping at 200°. These
operations were carried out every three or four days and by having
parallel columns-the box was constantly in operation. Recirculation
was carried out at the rate of 15 c.f.m. Oxygen contents of ~1 p.p.m.
were easily obtainable compared with ~ 50 p.p.m. on the original systenm.
A conventional vaccum line.was used in this work - a general view
is shown in (5,1). The line consisted of three main sections (i) a
fractionation train of three 'U' traps connected by mercury float valves
and also connected individually to the main line. (ii) A gas measuring
system consisting of a Topler pump for measuring gases which could not
be condensed by liquid nitrogen and a calibrated bulb system connected
to a manometer. A gas infrared cell could be attached to the Tépler
pump and if necessary a combustion bulb for analysing mixtures of methane
and hydrogen. (iii) A storage system consisting of three tubes with a
capacity of ca. 50 ml. and two 3 1. bulbs equipped with cold fingers and

manometers for storing gases.

Calibration of the Measurement Systems

Small bulb of the Topler pump 11+52 c.c.
Combined bulbs of the Topler pump 1518 c.c.
Volume of small standard bulb 5056 c.c.
Volume of combined standard bulbs 4613 c.c.
Internal diameter of manometer tube 1.0 cm.

For 1 cm. drop in manometer level-level of reservoir
increases by 0°0298 cm.
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Analzses

Gas Analyses

A weighed amount of the sample (or a known volume in the case of
a solution) was attached to the vacuum system. The sample was cooled
to liquid nifrogen temperature and 'degassed' 2-methoxyethanol was
run on to the sample. . The mixture was allowed to warm up slowly and
hydrolysis was completed by the addition of 2N sulphuric acid. Certain
compounds were violently hydrolysed by 2-methoxyethanol and carbon
formation was observed with a consequent reduction in the amount of
hydrocarbon formed. In such cases the hydrolysis was repeated after
the addition of a diluent to another sample. After fractionation and
measurement, gases were identified by their i.r. spectra. All gas

volumes are corrected to N,T.P. and are referred to as N.c.c.'s.

Beryllium Analyses

The solution from hydrolysis was made up to a standard volume and
"aliquots taken to contain 3-5 mg. beryllium and titrated by the
following procedure. To each aliquot was added 5 ml. of 0°5M potassium
sodium tartrate and 2 drOps of 17 bromothymol blue (in 50:50 ethanol
and water) and the solution made alkaline by addition of 0°5N sodium
hydroxide until a blue colour persisted. The solution was then made
neutral by the addition of O°*lN sulphuric acid (green). The tartrate

is added to complex the beryllium and avoid the precipitation of
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Be(OH)2. The complex is then destroyed by adding 5 ml. of IM potassium

fluoride solution which liberates hydroxide ion:
complexed Be(OH)2 + 4F —— BeF42— + 20H

causing the solution to become alkaline (blue). After two minutes the
solution is titrated with O°lN sulphuric acid back to the green end-
point previously obtained. The reaction is non-stoichiometric and
requires calibration with standard beryllium solutions each time new
solutions are prepared.

The preéence of bases or a large concentration of ions is not
desirable due to 'drifting' of the end-point. After hydrolysis with
2-methoxyethanol, solutions containing amines and ethers were pumped
to remove base before completing the hydrolysis with 2N sulphuric acid.
Consequently when both amine and beryllium analyses were required a
separate sample had to be taken for the latter. Beryllium analyses
could.not be undertaken on solutions that had been used for amine
analysis as drifting of the end point occurred. This is probably due

to the large concentration of " sodium ... sulphate in the solution.

Zinc Analyses

The solution remaining on hydrolysis was evaporated almost to
dryness and concentrated nitric acid added to destroy any organic matter.
The solution was evaporated almost to dryness and the procedure repeated
until no carbonaceous matter remained. The resulting white solid was

dissolved in the minimum amount of dilute sulphuric acid and made up to

-
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a known volume in a standard flask. An aliquot of this solution was
titrated with O°5N sodium hydroxide using B.D.H. '4-5' indicator to

a grey end-point. A further aliquot was taken and the determined
amount of 0°*5N sodium h&droxide added. The solution was then buffered
to pH 5-6 by adding hexamethylenetetramine, and then titrated with
0°005M 'EDTA' solution. The indicator used was xylenol orange (0°2%

in water) and the end point is a sharp chahge from red to pale yellow.

Amine Analyses

The acid solution from hydrolysis was made alkaline with strong
sodium hydroxide solution and the amine steam distilled into excess

standard acid. The excess acid was titrated with standard alkali.

Carbon and Hydrogen Analyses

Analyses for these elements were carried out by members of the
analytical staff of these laboratories. Very few compounds were stable
enough for the combustion analysis procedure and repeatable results
were only obtained when a metal-carbon bond was not present, e.g.

bis t-butoxyzinc.

Analyses of Lithium Alkyls

. Solutions of lithium alkyls in hexane (Pfizer Ltd.) were analysed
by the method of Watson and Eastham174 for alkyl content and for total

alkali by syringing a sample into excess standard acid and titrating

the excess with standard alkali. 1In this way the presence of alkexide
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in the lithium alkyl solution could be detected. The method of Watson
and Eastham involves titrating the lithium alkyl with a 1M solution of
sec-butanol in xylene using 1,10-phenanthroline as indicator - the

colour change being from yellow green to colourless.

Halogen Analyses

-Chloride and bromide in acid solution were determined potentio-

metrically. The titration cell is shown in (5,2).

.

A\

5.2) -

Samples containing between 0°05 and 0°l mmoles were titrated against
001N silver nitrate solution. Chloride samples were diluted with 50 ml.

of pure acetone and titrated using an Ag/AgCl electrode. Bromide samples
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were titrated using an unplated electrode and in the minimum volume of
solution. When the end-point had been determined approximately a
further sample was taken and titrated under high sensitivity from 0°1
c.c. before the.end-point and the end-point determined by plotting

'V + 6V/2 (where V = volume of silver nitrate added) against AE
(millivolts) observed on the E.I.L. pH meter used. The end-point is

usually obvious without having to plot it out.

Molecular Weights

Molecular weights were determined cryoscopically- in benzene solution
where solubility permitted. 'Analar' benzene was dried over sodium
wire and the cryoscopic constant determined by calibration using freshly
subliﬁed diphenyl as standard. All molecular weight determinations were
carfied out under a static nitrogen atmosphere.

Molecular weights of certain compounds were me;sured ebullioscopically
in ether. Ensuring that the apparatus was dryws not easy and the
following drying procedure was adopted. The apparatus, after cleaning,
was washed with distilled water followed by acetone and dried. Then ca.
30 ml. dry ether (kept as a mixture with triethylaluminium) was distilled
into the apparatus, which had previously been evacuated and let down to
nitrogen,and ca. 3 ml. tri-isobutylaluminium added. The apparatus was
then disconnected from the ether supply aﬁd the contents swirled around
the whole of the apparatus. The solution was then poured out and the

apparatus washed out with 3 x 30 ml. dry ether, all these and subsequent




-78-

operations being carried out under nitrogen. Finally the apparatus was
pumped out and let down to nitrogen. A standard volume of ether was
then run into the apparatus and the heafing mantle switched on. The
apparatus was totally shielded from draughts.

Temperature differences were measured using a 36-junction copper-
constantan thermocouple. The ether was refluxed until equilibrium was
reached. The compound was then added as a solution in ether - ca.

1 millimqle (of monomer unit) X degree of association in ca. 1-5 ml.
ether. The compound was added in O°l ml. units by gas tight syringe
through a serum-cap - the e.m.f. being noted for each addition.
Finally a standard solution of diphenyl in ether was added in 0°l ml.
until a furfher e.m.f. of IOO/uV had been obtained. Details of the

calculation are shown in the relevant section of the experimental work.

Infrared Spectra

Infrared spectra were recorded using Grubb-Parsons GS2A and
Spectromaster instruments in the region 4000-400 cm_1 using KBr cells
and a Grubb-Parsons DB3/DM2 spectrometer in the region 400-200 cm—1
using CsI cells. Specimens of air sensitive matérials were prepared
in the glove box. Solid materials were examined as Nujol mulls
between KBr discs or as a solution in cyclohexane with solvent
compensation in the reference beam. Spectra of liquids were usually
recorded using sealed solution cells to minimise the risk of oxidation

whilst being recorded. Gas samples were studied using a 10 cm. cell.
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Instrument calibration was regularly checked in the region 4000-400 cm—1

using a thin polystyrene film. When high resolution work was being
undertaken the instrument (Spectromaster) was calibrated before each
spectrum was recorded. In the region 400 - 200 cm_1 the calibration
was checked using water vapour absorptions whilst operating as a single
beam instrument.175 Frequencies above 2000 cm_1 were measured to about
+5 em™ L and to + 2 em™} below 2000 cm™ b for reasonably intense and

sharp.bands.

Raman Spectra

Raman spectra of di-t-butylberyllium and -zinc were recorded with
a Cary 81 Raman spectrometer (University of Newcastle upon Tyne) with
a 5 ml. sample and standard polaroid assemblies. Excitation was by
the blue mercury line (4358 X), an ethyl violet-nitrotoluene filter
solution being used to reduce the intensity of primary lines that might
‘otherwise interfere. The observed frequencies were calibrated from the
positions of appropriate intense bands in the spectra of pure carbon
tetrachloride, chloroform, and benzene, and are correct to within
+ 2 cm_1 for well defined lines; for diffuse or feeble features the
limits of error may be wider.

Aithough a comparatively weak scatter, di-t-butylberyllium gave a
Raman spectrum of good quality, and analysis of the material after the
spectrum had been recorded (at ca.300) showed negligible decomposition.

In contrast, under similar conditions, di-t-butylzinc rapidly decomposed
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with deposition of metallic zinc; accordingly, a detailed Raman spectrum
could not be obtained, and in the short time avéilable only three
Raman lines could be identified with certainty but these were the
closest to the exciting frequency and the most significant in connection

with evidence relating to the molecular symmetry.

N.M.R. Spectroscopy

Proton magnetic resonance spéctra were recorded at 60 MHZ on a
Perkin-Elmer R10 spectrometer operating at 33-5°. Variable temperature
studies were carried out using both the RIO and an AEI RS2 spectrometer
at 60 MH%' Samples were recorded as neat liquids or as ca. 10 wt.%
solutions in an appropriate solvent. Tetramethylsilane (TMS) was used
as internal standard T = 10°00 and values were calculated using the
pre-calibrated charts for the Perkin-Elmer R10 and the side-band
technique for the AEI RS2 spectrometer. Occasionally benzene (T = 2:73)

was used as internal standard.

Gas Chromatography

Purity of starting materials was checked using a Pye 104
chrdmatograph and standard columns as appropriate. For quantitative
work the instrument was calibrated with known samples as the detector -
flame ionisation, was not linear. Alternatively a Panchromatograph
- with gas density balance detector was used - this gave a linear response
i.e. standard peak area per molar unit. Areas were measured using a

Kent integrator attached to the chromatograph.
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Preparation and Purification of Starting Materials

L}

Solvents

Pentane, hexane, benzene, toluene, xylene, methylcyclohexane were
dried over sodium wire.

Diethyl ether was dried over sodium wire followed by distillation
from lithium aluminium hydride just before use.

Tetrahydrofuran (THF) and 1,2-dimethoxyethane ('monoglyme') were
purified by refluxing with potassium until a blue colouration (of the
potassium ketyl) was obtained with benzophenone. The solvents were
then distilled, under nitrogen, on to lithium aluminium hydride.

Final purification was carried out just before use by refluxing with,

and distillation from, lithium aluminium hydride.

Trimethylamine and triethylamine

Trimethylamine and triethylamine were distilled from phosphorus
pentoxide and stored over this drying agent. Trimethylamine was
distilled on to the vacuum line as required. Triethylamine was

re-distilled just before use.

Trimethylphosphine

A pure sample was available in the laboratory.

N,N,N',N'-tetramethylethylenediamine, N,N,N' ,N'-tetraethylethylenediamine

and N,N,N'-trimethylethylenediamine

These amines were purified by distillation from sodium.
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2,2'-Bipyridyl

As supplied 2,2'-bipyridyl contains some terpyridyl and
purification was effected by sublimation at 800/0'05 mm.Hg. on to a

solid carbon dioxide cooled finger.

Benzoic acid

Thermochemical standard benzoic acid was used without further

purification.

Propionic acid

. A small sample was collected from the middle fraétion on distilling
the commercially available material - b.p. 141°.
Pyridine
Pyridine was distilled from sodium hydroxide pellets on to sodium

hydroxide pellets under a nitrogen atmosphere.

t-Butanol
t-Butanol was refluxed with aluminium turnings, activated with a

trace of mercuric chloride, for 2-3 hours and the alcohol distilled

from the alkoxide.

N,N-dimethylaminoethanol

The alcohol was purified by distillation from calcium hydride just

before use.

N,N-dimethylaminoethanethiol

This was prepared from the corresponding hydrochloride by addition
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of less than one molar equivalent of sodium hydroxide to an aqueous
solution. The thiol was extracted with ether and purified by
fractional distillation, and finally distillation from magnesium hydride,

b.p. 126°.

Alkyl halides for Grignard reactions

The purity of commercially available alkyl halides was checked by
gas chromatography. It was necessary to purify n-propylbromide and iso-
propylbromide by fractional distillation, iso-butylbromide was found to
be > 97% pure and was used as such. Purification by distillation
cannot be effected due to the equilibrium:

BuiBr = Bu®Br

lying to the right at elevated temperatures.176

Purification of Et-butylchloride was effected by the method of Norris
and Olmstead, after washing with ice-cold distilled water the halide was
dried with calcium chloride and distilled. The fraction boiling 51°0 -

52°OO was collected.177

Grignard Reagents

These were prepared by the standard procedure from the alkyl bromide
and magnesium turnings in sodium-dried diethyl ether. A slight excess
(ca. 5-10%)>of magnesium turnings was used. Yields varied according to
the nature of the alkyl group and all solutions were ana;ysed for

hydrolysable alkyl before further reaction.
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Beryllium Chloride and Beryllium Bromide

Beryllium chloride was prepared in ca. 95% yield by burning
beryllium powder in an atmosphere of chlorine. As the reaction is
exothermic nitrogen was added to the chlorine as a diluent.

Beryllium bromide was similarly prepared using bromine vapour

generated by passing nitrogen through warmed liquid bromine.

Zinc Chloride

Sticks of anhydrous zinc chloride were powdered in a glove box
and final traces of water were removed by refluxing with freshly
distilled thionyl chloride until gas evolution was complete. The bulk
of the thionyl chloride was removed by distillation and the remainder

. 178
in vacuo.

Preparation of beryllium.di—alkyls

Preparations were usually carried out on a 0°*5 molar scale. The
beryllium chloridé was cooled to -78° and ether slowly added, the
temperature being kept low to avoid cleavage of the diethyl ether by
the beryllium chloride. The solution was allowed to warm to room
temperature and was stirred until all the beryllium chloride had
dissolved, ca. 350 ml. of ether were used to dissolve 0°*5 moles of
beryllium chloride. On standing two liquid layers separated out - the
lower layer is rich in BeClz(OEtz)2 and the upper layer is a dilute

solution of beryllium chloride in ether. The required amount of
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Grignard'was added over a period of half an hour with vigorous stirring
of the mixture. Magnesium halides were precipitated at once and the
reaction mixture became warm. After completion of the addition of
Grignard solution the mixture was stirred until it had cooled to room
temperature, after which time the precipitated halides settled out
easily. |

The ether solution of the dialkylberyllium was decanted off and
the volume reduced to ca. 150-200 ml. by distillatipn. The solution
was then transferred to a one piece distillation apparatus'and the
remaining ether removed in vacuo. The dialkyls were then distilled, as
etherates, with variable ether content, at ca. 70° and ~ 1 mm.Hg.

Di-n-propylberyllium and di-iso-butylberyllium had not been
described in the literature and their isolation is described in detail
later.

Yields of 80-85%, based on amount of beryllium chloride used, were
obtained. The loss can be accounted for in the numerous transference
operations involved.

Di-t-butyl-d,~beryllium was prepared in the above way from 10 g.

9

dg-t-butylchloride.

Preparation of ether-free beryllium di-alkyls

Ether-free di-t-butylberyllium and di—E-butyl—dg-beryllium were

prepared by the method of Head, Holley and Rabideau.115 This procedure

uses anhydrous beryllium chloride as a Lewis acid and the resulting ether-
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free material can be distilled from the mixture. The reported yield of
this reaction is ca. 40% and it was noted that when the di-t-butyl-
beryllium ether qomplex was added to beryllium chloride af room
temperature there was considerable evolution of heat. The procedure was
then modified and the reaction mixture kept cold during the addition, on
warming to room temperatgre the mixture was stirred for one hour in
vacuo during which time the ether-free material was produced as shown
by the increase in pressure in the system. Ether-free di-t-butyl-
beryllium was removed into the vacuum system and fractionated to remove
any isobutene formed. Yields of 60-70% were obtained and the amounts of
the white sublimate, reported by the original aﬁthors as an etherate of
butylberyllium chloride, were considerably reduced. No analytical data
were given for this compound when it was previously reported. Di-t-
butylberyllium could be stored in clean glass apparatus at -78° but
significant decomposition took place if stored at room temperature or

in glass apparatus containing a metallic deposit; this is discussed in
detail later (see page 128).

The.preparatibn of ether-free di-iso-propylberyllium had been
described by Coates and Glockling26 using a process of reflux distillation
with continuous pumping. This process was used for the preparation of
ether-free di-iso-propylberyllium and also adopted for the preparation
of diethylberjllium, di-E—propilbe;yllium, and di-isobutylberyllium.

The apparatus used is shown in (5,3).
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(5,3)

The etherate was syringed into the flask A and the constriction
sealed, the etherate was then refluxed (oil bath temperature 40-50° and
condenser -10 to -200) with continuous pumping throﬁgh T, until ether
evolution had ceased. This took ca. 24 hours.- The ether-free material
was then distilled into flask B with pumping (diffusion pumps) through

T The product was collected at liquid nitrogen temperature. In the

9
case of di-isobutylberyllium some decomposition took place at the
refluxAstage and this is discussed later.

Samples of ether-free dimethylberyllium (prepared by Professor G.E.

Coates) were available.
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Preparation of dimethylmercury

Dimethylmercury was prepared by reaction of mercuric chloride with
two molar equivalents of methylmagnesium bromide. The product was
separated from ether by fractional distillation and final purification

effected by distillation, b.p.90°/755 mm.Hg. Yield 55%.

Preparation of dimethylzinc

Dimethylzinc was prepared by reaction of dimethylmercury with zinc
dust using the apparatus described for the preparation of trimethyl-
gallium.31 ~Zinc dust (100% excess) and dimethylmercury were heated to
boiliqg in a bulb sealed_to a 20 cm. fractionating column packed with
Fenske helices under dry nitrogen at atmospheric pressure. The reflux
temperature was initially 91° (MezHg) but after 1 hour had dropped to

44° (Me.Zn) and fractions were taken off periodically over a period of

2

five hours. It was stored on the vacuum line. Yield 87%.

Diethzlzinc

Diethylzinc (a gift from Ethyl Corporation) was available in the

laboratory.

Di-t-butylzinc

1
The preparation of this compound was reported by Abraham 7 but

without analytical details. It was prepared by the reaction of
anhydrous zinc chloride in ether with t-butylmagnesium chloride as for

the beryllium analogue. It was significantly less stable to heat than
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di-t-butylberyllium and the heat generated by the addition of the ether
solution of zinc chloride to the Grignard reagent caused deposition of
metallic zinc. The ether solution was decanted, and the dialkylzinc
separated by fractionation on the vacuum line. The pure compound was

a liquid when handled in a glove box - ca.30°. The m.p. has been
reported as 28‘80.18-O [Found: Zn,36°4%; hydrolysable t-Bu-, 63°3%;
M(by mass spectrometer for 64Zn), 178+070. Calc. for C8H182n: Zn,36°5%;
hydrolysable t-Bu-, 63°5%; M = 178:070 for 64Zn]. The p.m.r. spectrum
recorded as a neat liquid with TMS.as internal standard consisted of a

sharp singlet T 8°93.

Measurement of vapour and dissociation pressures

. ' 166
Conventional apparatus was used in both cases.
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Experimental Results

Reactions of dimethylzinc

Reaction of dimethylzinc with N,N-dimethylaminoethanethiol - preparation

of methyl-N,N-dimethylaminoethylsulphide dimer - (MeZnSCHZ_QEZNMeZ)2

A solution of 1+05 g. (10°0 millimoles) of N,N,-dimethylamino-
ethanethiol in 20 ml. hexane was added to 224 N c.c. (10°0 millimoles)
of dimethylzinc dissolved in 10 ml. hexane and cooled to -80°. On
warming a white solid formed at ca. -30° with gas evolution. This
solid was recrystallised from 10 ml. 1:1 hexane-toluene mixture as
small hexagonal plates. In a sealed capillary under nitrogen the
crystals became opaque at 900, turned brown at 230° and melted, with
decomposition, at 250°. [Found: hydrolysable Me -~ 8°¢06%; Zn, 35°47%;

M (cryoscopically in 0°+83, 1°25 wt.% benzene solution) 360, 363.
ClOH26NZSZZn2 requires hydrolysable Me - 8°15%; Zn, 35°+4%; M, 369].

The infrared spectrum (as a Nujol mull) showed.absorptions (below

2000 cm_l) at: 510 s,br; 532 w,br; 649 s,br; 668 s; 767 s; 800 m,br;
862 w,br; 897 m; 945 s; 1000 s; 1029 s; 1042 m; 1101 m; 1124 m; 1147 m,sh;
1151 m; 1164 m; 1220 m; 1250 w; 1263 w; 1290 s; 1408w; 1439 s,sh; 1449 vs;
| cm-l. s - strong, m - medium, w - weak, v - very, br - broad, sh -
shoulder. These abbreviations are used throughout for i.r. spectra.

When the preparation was carried out in ether a product with an

identical i.r. spectrum and m.p. was obtained.
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Reaction between dimethylzinc and propionic acid - attempted preparation

of methylzinc propionate - (MeZnOOCEt)n.

A solution of 1°0 g. (13+5 millimoles) of propionic acid in 20 ml.
hexane was syringed on to 317 N c.c. (14°0 millimoles) of dimethylzinc
in 20 ml. hexane cooled to -196°. On melting vigorous gas evolution
took place and a clear solution was obtained at room temperature. A
white solid was obtained, from solution in 5 ml. hexane, on cooling to
-30°. [Found: hydrolysable Me - 5°9%, Zn, 40°7%. and ratio Me:Zn =

0°63:1]. It was concluded that the product had disproportionated.

Reaction between dimethylzinc and benzoic acid - attempted preparation

of methylzinc benzoate - (MeZnOOCPh)n.

A solution of 0°1833 g. (1°50 millimoles) of benzoic acid in 10 ml.
toluene were syringed into one limb of a Schlenk tube. It was cooled
to -196° and 37+6 N c.c. (1+68 millimoles) dimethylzinc were condensed
on. The reaction mixture was allowea to warm up and at ca. -30O
methane evolution occurred and 34°3 N c.c. methane (identified by i.r.
spectrum) were collected. A clear solution resulted but after standing
at room temperature for a few minutes a solid had deposited. After 1
hour the toluene solution was removed in vacuo and collected in a
liquid nitrogen cooled trap. The solid residue was analysed. [Found:
hydrolysable methyl, 2°36%; Zn, 22°7% and ratio hydrolysable Me - : Zn =

0+45:1}. The toluene solution was analysed by hydrolysis, 30°1 N c.c.

of methane being collected. Allowing for the 3°*3 N c.c. excess of
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dimethylzinc used in the reaction, then 23°5 N c.c. of methane were
formed by hydrolysis of the dimethylzinc present due to disproportion-

ation of the product.

Analysis, molecular weight, and vapour pressure of di-t-butylberyllium

A sample of di-t-butylberyllium was fractionated as described1
and transferred to a weighing 'V'181 and then after weighing to a
hydrolysis apparatus. [Found: hydrolysable But, 92+0%; Be, 7°2%;
C8H18Be requires hydrolysable But, 92+7%; Be, 7°3%].

A sample of di-t-butylberyllium was weighed using a 'V'181 to

transfer it from the vacuum line. This was dissolved in benzene and

the freezing points determined for three concentrations the results are

tabulated below:

*
M concentration degree of association
125+0 ' 0°47 1-02
129+0 0°93 105
129+7 1-85 106

*in wt.% benzene solution

The vapour pressure of di-t-butylberyllium was measured over the
o . . ]
range -4 to +25 , above this temperature isobutene evolution was

significant. The results are shown in the table. The vapour pressure

can be represented by the equation:

log; p(mm.) = 7°40- 1745/T -
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over this range of temperature. The results are shown graphically
(5,4). From the graph the latent heat of evaporation is 7°98 kcal./
mole and the extrapolated boiling point 115°. This results in a

Trouton constant of 206 cal/mole/deg.

Vapour pressure of di-t-butylberyllium

T°€C T°K 103/°K p(mm. ) loglop(mm.) p(mm. ) calc.
44 268°8 3720 78 0892 8-1
+2+0 2752 3633 115 1-061 115
+8+9 282°1 3+545 168 1-225 162
+11°+8 28540 3509 18-3 1°263 19-1
+150 2882 3474 21-8 1-339 224
+21°0 294 +2 3399 296 1+471 295
+23 5 296°7 3370 32+0 1506 33°1
+25°1 29843 3+353 3446 1539 3643

The pmr spectra of di-t-butylberyllium and di-t-butylberyllium
etherate were recorded, as neat liquids, with TMS as internal standard.

The t-butyl signal was in each case the expected single line resonance:

ButzBe 2 (Bu®) 9-07

9-18

t t
Bu 2Be(OEt2)O,7 T(Bu")

Infrared and Raman spectra of di-t-butyl-beryllium and -zinc

Samples of di-t-butylberyllium were fractionated before use to

remove any isobutane and isobutene that may have been present.
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Recording gas phase i.r. spectra and the Raman spectrum presented no
handling difficulties as the vacuum line could be used. Recording the
i.r. spectra of the liquid posed handling problems due to the extreme
air sensitivity and the volatility of this compound. It was found
necessary to use a solution cell for this spectrum as oxidation around
the edges of a capillary film affected the spectrum. A sealed
solution cell was flushed out with pure dry nitrogen by evacuating in
flanged flask and letting down with good nitrogen; This was then taken
into the glove box in the flask and the éample made up after first
ascertaining that the box was oxygen and water free by scavenging with
triethylaluminium. In this way reproducible spectra could be obtained.

In the course of the spectroscopic work it became necessary to
prepare di-t-butylzinc to clarify certain aspects of the spectra and
this was handled in exactly the same way. It was a liquid at the
temperature of operation of the glove box.

Only sufficient di-E-butyl-dg—beryllium was prepared for a gas

phase i.r. spectrum.

The results are tabulated in the discussion section.

Co-ordination compounds of di-t-butylberyllium

N,N,N',N'-tetramethylethylenediamine di-t-butylberyllium

A solution of 1°16 g. (10°0 millimoles) of N,N,N' ,N'-tetramethyl-

ethylenediamine dissolved in 10 ml. methylcyclohexane was slowly added
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. to a solution of 1°74 g. (100 millimoles) of di-t-butylberyllium
etherate in 15 ml. methylcyclohexane cooled to -30°. on remoyal of
solvent white needles were deposited and these could be re-crystallised
from a.small volume of methylcyclohexahe. [Found: hydrolysable But -,
48+9%; Be, 3°73%; M (cryoscopically) in 1°07, 1°60 wt.% benzene solution
219, 227. 014H34BeN2 requires hydrolysable But-, 47+7%; Be, 3°76%;
M, 239]. The complex decomposed at 86°.

The infrared spectrum was recorded (below 2000 cm-l) as a Nujol
mull: 463 vbr,m; 516 s,vbr; 606 vs; 690 vs; 775 m; 797 m; 807 s,br;
917 m; 939 s; 964 s; 1005 s; 1020 s; 1048 m; 1062 m; 1100 m; 1121 s;
1160 m-s; 1166 m-s; 1190 m-s; 1235 m,sh; 1242 s; 1282 s; 1285 s,sh;
1353 s; 1387 S,sh; 1410 m; 1449 vs,sh; 1481 s, sh; 1669 vw. When
récorded as a solution in cyclohexane the spectrum was essentially the
same but there was some sharpening up of detail. The p.m.r. spectrum
was recorded as a solution in perdeuteromethylcy;lohexane and in

)
perdeuterotoluene at 33 :

’Z(But) ’t(N-CEZ) 'Z(CE3—N) ~concn.
C7D14 908 7°45 7°+58 20 wt.%
C7D8 890 7°90 7°+90 20 wt.%

low temperature spectra of the solution in C7D14 could not be obtained
as the solute crystallised out. Low temperature spectra of the

solution in C7D8 were recorded:
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T° T (Bu®) %(N-CH,) (CH,-N)

-10 8-81 7+84

=25 883 7°6 7°94 and 8°03
-50 873 7°72 7°94 and- 806
-90 8+75 7477 . 80l and 8+24

The observed spectra are shown in the discussion section.

Trimethylamine di-t-butylberyllium

130°0 N c.c. (5*8'millimoles) di-t-butylberyllium were condensed
into a tube attached to the vacuum line, 342°5 N c.c. of trimethylamine
were condensed on to it. The mixture was allowed to warm up to ca.
-30° and well stirred, this procedure was repeated after freezing down.
Excess trimethylamine was removed and measured - 212°0 N c.c. Therefore
130*5 N c.c. of trimethylamine had reacted with 1300 N c.c. of di-t-
butylberyllium. Thus the product, a white solid, was a 1:1 adduct.
The product sublimed at room temperature in a'diffusion pump vacuum
on to a cold finger at -78°. When heated in a sealed tube under
nitrogen the complex melted at 45-46° to a clear liquid.. [Found:
hydrolysable Bu'- 62+1%; Be, 4+91%; M (cryoscopically) in 0+60, 0°89
wt.% benzene solution 182, 168; C11H27BeN requires hydrolysable Bu®-
62+6%; Be, 4°95%; M, 182]. The infrared spectrum (as a Nujol mull):
545 s; 559 m,sh; 621 w,br,sh; 651 s; 666 m,sh; 694 vw; 723 vw; 738 m;
789 vw,sh; 807 vs; 821 vs; 844 vs; 926 vs; 936 s,sh; 971 vs; 995 vs;

1009 s; 1036 m; 1105 w; 1159 vw; 1190 s; 1202 m,sh; 1235 m,sh; 1242 m;
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1256 m; 1282 w,sh; 1359 m,sh; 1370 s; 1393 m,sh; 1408 vw; 1488 s, sh.
The p.m.r. spectrum was recorded as a 15 wt.% solution in benzene
with TMS as internal standard. The spectrum consisted of two singlets
as expected'?(But-Be) = 882 and’t(Me3N) = 8-11.

The dissociation pressure of the complex was measured over the
range 25-70°. Above 70° there was a considerable increase in pressure
and on cooling a residual pressure remained. Infrared examination of
the gas showed it to contain both trimethylamine and isobutene. Over
the range 25-700 the vapour pressure observed are mean values of

readings taken increasing and decreasing the temperature.

°C 1% 10° /1% p(m.) log p(mm.) p(mn.)calc.
33+2 3064 3426 1+09 0037 2.5
437 3169 3+16 3467 0+565 249
51+5 3247 308 514 0+711 b7
59+3 332+5 3-01 6+28 0:798 65
614 33446 2499 7407 0849 6:9
68°1 3413 2+93 9+20 0964 8+7
7141 344 +3 2490 10+10 1+004 9+6
805 353+7 2483 14-11 1+495 1249

The vapour pressure can Be represented by the equation:
loglop(mm.) = 577 - 1648/T

over this range of temperature.
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Trimethylphosphine-di-t-butylberyllium

1100 N c.c. (4°*9 millimoles) di-t-butylberyllium were condensed into
a small tube attached to the vacuum line and 261°+3 N c.c. (10°65
millimoles) of trimethylphosphine were condensed on. After allowing to
react 150°8 N c.c. of trimethylphosphine were removed, and therefore
110°0 N c.c. of di-t-butylberyllium had reacted with 110*5 N c.c. of
trimethylphosphine, a 1:1 adduct being formed. The product sublimed on
to a cold finger (-78%) in a diffusion pump vacuum at room temperature.
When heated in a sealed tube under nitrogen the complex melted to a
clear liquid at 44-46° [Found: hydrolysable But-, 56 *5%; Be, 4°56%;
M (cryoscopically) in 0°29, 0°44 wt.% benzene solution 200, 191.
C11H27BeP requires hydrolysable But-, 57+3%; Be, 4°527%; M = 199]. The
infrared spectrum (as a Nujol mull): 472 w,sh; 477 w,br; 496 m,br, sh;
518 vs,br; 529 s,sh; 592 vs,br; 671 vw,br; 709 s,sh; 721 s; 806 s; 821 vs;
841 w,br; 877 m,br; 924 s,sh; 935 vs; 951 vs; 957 vs,sh; 991 m; 1062 m,br;
1155 m-s; 1195 m; 1280 vs; 1300 vs; 1344 s; 1368 vs; 1414 vs; 1429 vs;

1445 vs,sh. The p.m.r. spectrum was recorded as a 15 wt.% solution in

benzene with TMS as internal reference. The spectrum showed:

T assignment relative intensity

886 (CH,),CBe 2

916 . ..

920 (QE3)3P 1 J=3*5c/sec.

The complex was less thermally stable than the trimethylamine complex and
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attempts to measure the dissociation pressure led to isobutene

evolution in each case.

Other t-butylberyllium compounds

t-Butylberyllium chloride diethyletherate dimer - (ButBeCIOEtZ)2

The residue from the preparation of ether-freg di-t-butylberyllium
was reported115 to contain an etherate of butylberyllium chloride, but
with no analytical data. The residue from a preparation of di-t-butyl-
beryllium was heated to 600/0°01 mm.Hg. and colourless needles sublimed
up the walls of the tube. [Found: hydrolysable But-, 31+3%; Be, 5°07%;
Cl, 20°27%; M(cryoscopically) in 0°55, 082 wt.% benzene solution 335,
330. Cl6H38Be2C1202 requires hydrolysable But—, 31+9%; Be, 5°13%;
cl, 20°+21%; M, 351]. When heated in a sealed capillary under nitrogen
the compound melted at 79-80° with decomposition. The infrared spectrum
was recorded (as a Nujol mull): ~479 m,vbr; ~493 m,vbr;~ 575 m,vbr;
719 m; 772 m-s; 785 m; 797 m; 837 m; 870 m; 936 m; 1005 m; 1033 m,br;
1129 s; 1151 m; 1193 m; 1261 w; 1295 m; 1332 w; 1351 m; 1393 m,sh;

1449 s,sh; 1458 s,sh; 1481 m,sh. The p.m.r. spectrum was recorded as

a 20 wt.% solution in benzene with TMS as internal standard:

T assignment

607, 6°18, 6°32, 6°43 CH3CEZO-
875 (CH,),C-Be

894, 9°06, 9°17 CE3CH20-
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The molecular weight of this compound was determined in ether solution
by an ebullioscopic method as described earlier. A solution of 0°091 g.
t-butylberyllium chloride in 1°00 ml. dry ether was made up. The
apparatus was set up as described and the ether refluxed until a steady
galvanometer reading was obtained. The solution was then added in

0°10 ml. samples from a gas-tight syringe and the potentiometer reading
taken at the steady value reached after each addition. After the
sample had been added a standard solution of diphenyl in ether (1 milli-
mole/ml.) was added in a similar way. |

t
volume of (Bu BeCl) . . . . . . . .
solution added (ml.) 00 0°1 0°2 0°3 0°4 0°5 0°6 0°7
uv 78 88 99 107 115 123 131 140

volume of standard

solutionwadded (ml.) 0°0 O0°l1 0°2 0°3 0°4 O0°5 0°*6 0°7 0°8 0°9

uv 142 152 162 172 180 191 200 210 218 228

The results are shown graphically in (5,5). From the graph 1 millimole
of standard corresponds to an e.m.f. of 95 uv.
For a solution of 0°091 g. t-butylberyllium chloride in 1°00 ml.

ether then 1 millimole = 1°115 ml. of this solution. From the graph this

corresponds to an e.m.f. of 89 uv.

R 95
degree of association, n = 89

= 1-+07
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- t-Butylberyllium bromide diethyletherate dimer - (ButBeBrOEtz)2

Beryllium bromide was substituted for beryllium chloride in a
preparation of ether free di-t-butylberyllium. After removal of the
ether-free dialkyl the residue was heated in vacuum 700/0‘01 mm. and
colourless needles sublimed out. In a sealed tube under nitrogen they
melted at 55-56° to a clear liquid. [Found: hydrolysable butyl,
25+83%; Be, 4°10%; Br, 36°40%; M (cryoscopically) in 0°70, 105 wt.%
Be,Br, 0, requires hydrolysable butyl

C16"38522572%
2591%; Be, 4°10%; Br, 36°36%; M = 440].

benzene solution 446, 458.

The infrared spectrum (as a Nujol mull) showed absorptions:
~N476 m,br; 532 s; 575°s; 718 s; 770 s; 781 s; 794 m; 832 s; 844 vs;
916 s; 929 vw,sh; 935 w; 962 w,sh; 1000 vs; 1032 vs; 1094 s; 1152 s;

1195 s; 1259 vw; 1294 m; 1333 m; 1351 m; 1425 vw,sh; 1453 vs; 1468 m,sh.

Reaction between di-t-butylberyllium etherate and N,N,N'-trimethylethyl-

enediamine

A solution of 1°02 g. (10°0 millimoles) of N,N,N'-trimethylethyl-
enediamine in 10 ml. of pentane was added to a solution of 1°74 g.
(10°0 millimoles)of di-t-butylberyllium etherate in 20 ml. pentane at
'-IOOOC. A white precipitate was formed which dissolved on warming to
about -60° and a clear solution was obtained at room temperature.
Isobutane evolution occurred at room temperature and was complete after
ca. six hours. On removal of solvent a slightly yellowish liquid was

obtained. This was transferred to a distillation apparatus in pentane

<7 UNIVERG
A& q unor; Ral
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solution and after removal of solvent the product was distilled at
45°/0°1 mm. Hg into a receiver cooled to -400; the compound melted

at ca. -40 to -45°. [Found: hydrolysable But, 34+2%; Be, 5°317;

M (cryoscopically) in 0°97, 1°29, 1°93 wt.% benzene solution 187, 178,

173. BeN, requires hydrolysable But, 34°+1%; Be, 5°38%; M, 167].

CotlpoBeNy
The infrared spectrum (liduid film) contained absorptions at:
506 w,br,sh; 524 s; 595 w; 629 w,br; 707 s,br; 756 w,br; 787 s; 799 m;
837 w; 878 w; 899 w; 946 vs; 961 vs; 1012 m,sh; 1022 s; 1059 vs; 1065 s;
1103 m; 1120 m; 1161 m,sh; 1174 s,sh; 1188 vs; 1222 m; 1252 vs; 1290 s;
1348 s; 1370 m; 1379 m; 1408 w; 1449 m,sh; 1468 s; 2681 m; 2717 m,sh;
2770 vs,sh; 2778 vs,sh; 2809 vs; 2857 vs; 2907 -vs; 2994 m,sh.

The p.m.r. spectrum when recorded as a 15 wt.% solution in per-
deuteromethylcyclohexane with TMS as internal standard consisted of a
singlet at ©9°+12 due to But-Be, a singlet at ¥ 7°61 due to —NMei—‘>Be,

a singlet at ¥ 7:29 due to -NMe—Be and a broad multiplet due to

—CHZ-CHi-centred on T 7°2.

Reaction between di-t-butylberyllium and N,N-dimethylaminoethanol-

formation of t-butylberyllium N,N-dimethylaminoethoxide dimer -

t
(Bu_BeOC,H, NMe, ), -

A solution of 1°35 g. (15°0 millimoles) of N,N-dimethylamino-
ethanol in 10 ml. of pentane was added to a solution of 3°22 ml. (15+0
elhorte

millimoles) of di-E-butylberylliumZin 10 ml. pentane cooled to ~40°.

Immediately a yellow.colouration developed in the solution but this
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diminished as the solution warmed up. The solution became colourless
after boiling the pentane for five minutes. On removal of solvent a
white foam was obtained, 15 ml. hexane were added and the solution
boiled for ten minutes, after removal of hexane the product was
cryséallised from 15 ml. pentane as small colourless néédles. In a
sealed capillary the product melts with decomposition 98-101°. [Found:
hydrolysable butyl, 37°1%; Be, 5°94%; M (cryoscopically) in 0°78, 1°67
wt.% benzene solution 307, 309. C16H38Bé2N202 requires hydrolysable
butyl, 37°0%; Be, 5°85%; M, 308].

‘ The infrared spectrum (as a Nujol mull) showed absorptions:
536 m; 568 m; 617 vw; 658 m; 690 w; 733 m; 755 s; 78} w; 789 w; 795 w;
821 vs; 826 s,sh; 849 m; 870 w; 887 s; 917 m; 936 s; 962 m; 1006'v§,sh;
1008 vw; 1012 vw; 1021 m,sh; 1031 s; 1046 s; 1075 s; 1089 vs; 1101 m;
1106 m,sh; 1167 m; 1170 m; 1190 m; 1192 w,sh; 1205 vw; 1250 vw,sh;
1266 m-w; 1280 m; 1285 w,sh; 1312 vw; 1342 vw; 1359 w; 1387 s; 1453 s,sh;

1471 vs; 1475 vs,sh.

Reaction between di-t-butylberyllium and N,N-dimethylaminoethanethiol -

formation of t-butylberyllium N,N-dimethylaminoethylsulphide dimer,

t
(Bu BeSC2H4NMe2)2
A solution of 1:05 g. (10°0 millimoles) of N,N-dimethylaminoethane-
thiol in 10 ml. hexane was added to 2°8 ml. of a 3°57M solution of di-t-

butylberyllium in ether at -78°. The mixture warmed to room temperature

and was heated to boiling to ensure completion of the reaction. As the
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reaction took place (>0°) a white precipitate was formed. This was
readily soluble in toluene but not in hexane. The product was
recrystallised from 10 ml. of a 3:1 hexane/toluene mixture. When
heated in a sealed capillary under nitrogen the compound melted to a
clear liquid at 99-101°. [Found: hydrolysable butyl, 33°6%;
beryllium, 5°31%; M (cryoscopically) in 0°08, 0°12 wt.% benzene solution
356, 332. CZ4H38Be2N282 requires hydrolysable butyl, 33°5%; beryllium,
5:29%; M, 340].

The infrared spectrum, recorded as a Nujol mull, contained
absorptions at v(max): 446 s,sh; 461 vs; 488 m,sh; 546 vs; 573 m; 597 m;
698 m; 708 m; 773 m; 823 m,sh; 830 vs; 901 w; 930 w; 952 s; 1001 s;

1020 m; 1038 m; 1095 w; 1117 w; 1164 m; 1176 m,sh; 1209 w; 1241 w;

1299 m; 1351 w,sh; 1370 m; 1429 m cm-l.

Reactions involving Di-t-butylzinc

Reaction between di-t-butylzinc and t-butanol - formation of t-butylzinc

t-butoxide dimer - (ButhOBut)2

t-Butanol (1°0 g., 13*5 millimoles) in 10 ml. hexane was added td_
a stirred solution of di-t-butylzinc (2+42 g., 13°5 millimoles) in 20 ml.
hexane at -78°. There was slow evolution of gas during 3 hr. after the
mixture had warmed to room temperature. Solvent was evaporated until
about 8 ml. remained, and the t-butoxide crystallised at -780. [Found:

Zn, 34°+2%; hydrolysable butyl 29¢2%; M (cryoscopically) in 0+60, 0,89
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wt.% benzene solution, 413, 394. Ci6H36092n, requires Zn, 33°47%;
hydrolysable butyl, 29°1%; M, 391]. Hydrolysis of the t-butoxide is
relatively slow at room temperature even with 2N sulphuric acid. When
heated in a sealed capillary it decomposes, with charring, 179-184°,

The p.m.r. spectrum as a 10% solution in benzene with TMS as internal
standard consisted of two singlets of equal intensity at ‘T 8¢66
(C4§9-0) and ¥ 872 (C459-Zn). The infrared spectrum (as a Nujol mull)
contained absorptions at: 461 w,br; 515 m,sh; 526 s,sh; 535 s; 571 w,br;
599 m,br; 617 m,vEr; 722 w,br; 757 m; 766 w,sh; 815 m; 901 vs; 909 s,sh;
921 m,sh; 936 w,br; 964 w; 1010 m; 1027 w; 1178 s; 1202 w,sh; 1244 m;

1370 vs; 1379 s; 1389 s,sh; 1468 vs em L,

t-butyl(pyridine)zinc t-butoxide

This was precipitated when pyridine in excess was added to the
butoxide dissolved in hexane. It was re-crystallised from hexane as
very pale yellow needles, melting at 132-134° to a bale yellow liquid
which decomposed with charring at 150°. [Found: Zn, 23°9; hydrolysable
butyl 20°5 and M (cryoscopically) in 0°91, 2°+06, and 3°09 wt.% benzene
solution 289, 294, 301 - corresponding to degrees of association of
106, 1-07 énd 110 respectively. C13H23NOZn requires Zn, 23°8%;
hydrolysable butyl, 20°8%]. The p.m.r. spectrum (ca. 10 wt.% solution
in benzene) with TMS as internal standard consisted of two sharp singlets
T8-34 (C,Hy0) and 8:70 (C,Hy-Zn).

Dissociation of the complex was believed to occur although the
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observed degrees of association were only slightly greater than unity.
A solution of the complex in toluene was evaporated into the vacuum
line and infrared examination showed this to contain absorptions

characteristic of both toluene and pyridine.

Bis (pyridine)di-t-butylzinc

Pyridine (2 ml., an excess) in hexane (10 ml.) was added to a
solution of 1‘83(9'2 millimoles) di-t-butylzinc in 20 ml. hexane. The
mixture became yellow immediately, and was orange when all the pyridine
had been added. The product was crystallised at ca. -30° from 5 ml.
hexane as deep yellow needle; melting at 40-41° to an orange liquid
which decomposes at 100° forming a zinc mirror. [Found: Zn, 19°7%;
hydrolysable butyl 34°7%; M (cryoscopically) in 0°78, 1°17 wt.% benzene

solution 164, 189 - corresponding to degrees of association of 0°47 and

0°56. Zn requires Zn, 19°¢4%; hydrolysable butyl, 34°+8%]. The

€1828Y
p.m.r. spectrum in perdeuteromethylcyclohexane showed (But-Zn) resonance
as a sharp singlet at T 9°0l. The infrared spectrum (as a Nujol mull)
showed absorptions at-: 619 s; 704 vs; 752 s; 810 s; 935 w; 1008 s; 1039
s; 1064 w,sh; 1070 s; 1149 s; 1220 s; 1235 vw; 1266 wvw; 1307 vw; 1366 m;
1385 s; 1418 w,sh; 1449 vs; 1493 m; 1587 w; 1600 m,sh; 1608 s; 1639 w
-1

cm

Zinc t-butoxide [(ButO)ZZE]X

t-Butanol (5°0 c.c. 10% excess for 2:1 reaction) was added to 2°95 g.

(23°9 millimoles) of diethylzinc in 20 ml. toluene, and the mixture was
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boiled under reflux for 90 hr. after which time samples withdrawn for
analysis yielded no ethane on hydrolysis. A white precipitate formed
after ca. 24 hr. and the amount increased with time. The product was
separated, washed several times with hot toluene, and dried under
reduced pressure. It was insoluble in toluene, diethyl ether, tetra-
hydrofuran, and pyridine. It did notlmelt below 360°. [Found: C, 45°9%;

H, 8°+5%; Zn, 30°8%. Zn requires C, 45°4%; H, 8+5%; Zn, 30°9%].

Cgt18%2
The infrared spectrum (as a Nujol mull) contained absorptions at:-

235 vs,br; 265 vs,br; 370 vs; 403 vs; 471 vs; 572 vs; 614 w,brsh;

722 vw; 765 vs; 909 m,sh; 935 vs; 978 m,sh; 1028 m; 1070 vw; 1114 vw;

1188 vs; 1227 s; 1242 vs; 1361 vs; 1383 s; 1460 s; 1587 vw; 1887 vw cm-1

Reactions of Di-isopropylberyllium

Reaction between di-isopropylberyllium and N,N,N'-trimethylethylenediamine

A solution of 1¢02 g. (10°0 millimoles) of N,N,N'-trimethylethyl-

| enediamine in 10 ml. hexane was added to 2+86 ml. of a 3°49M solution
(10°0 millimoles) of di-isopropylberyllium at -78°. on warming there
was a vigorous evolution of gas at ca. 0° and this resulted in the
solution warming to ca.. 35° and simultaneously a precipitate was formed.
The product was re-crystallised from 5 ml. of a 3:1 hexane/toluene
mixture. On heating in a sealed tube under nitrogen the crystals shrink
at 120-1240, turn pale yellow at ~150° and melt to a pale yellow liquid

at 165-167°. . [Found: hydrolysable Pri, 28-5%; Be, 5897 and M
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(cryoscopically) in 0°54,,0°80 wt.% benzene solution, 293, 279.
016H40Be2N4 requires: hydrolysable Pri, 28°1%; Be, §°88% and M, 306].

The infrared spectrum (as a Nujol mull) contained absorptions at:

495 m,br; 571 m; 636 s; 685 s; 772 s; 792 m; 848 s; 870 s; 941 m,sh;

953 m; 971 m; 1000 w; 1628 s; 1044 w; 1062 w; 1105 m,sh; 1116 s; 1130 m,sh;
1159 s; 1175 w; 1198 m; 1208 m; 1247 vw,sh; 1253 w; 1282 m; 1299 vw;

1350 m; 1370 s; 1408 vw; 1420 vw,sh; 1456 vs,sh; i471 vs,sh; 1490 m,sh cm-l.

The p.m.r. spectrum recorded as a 10 wt.% solution in benzene with TMS

as interngl standard showed the following resonances:

assignment
849, 8+54, 8+61, 8°68 quartet with a b a b structure (CE3)ZCH-Be
7°+97 broad singlet
7°90 singlet
7°55 singlet

The variation of the p.m.r. spectrum with temperature was investigated
as a 10 wt.% solution in d8—toluene with TMS as internal standard. The
results will be discussed later.

Reaction between di-isopropylberyllium and N,N,N' N'-tetramethylethyl-

enediamine

A solution of 1°16 g. (10°0 millimoles) of N,N,N',N'-tetramethyl-
ethylenediamine in 5 ml. ether was added to 2°94 ml. of a 3°*4M solution
(10°0 millimoles) of di-isopropylberyllium. The solution became warm

and a white solid was left on removal of solvent. The product
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crystallised as small white prisms from 20 ml. hexane [Found: hydrolysable
Prl, 41+3; Be, 4°267% and M (cryoscobically) in 1+04, 1+51 wt.% benzene

solution, 230 227. BeN, requires hydrolysable Prl, 40°+8%; Be,

€12M30
4+26%; M, 211]. The infrared spectrum (recorded as a Nujol mull)
,containgd absorptions at; 466 w,br; 513 m,br; 595 m,br; 722 m; 775 s; 787 .
s,sﬁ; 806 vs; 865 s; 876 s; 943 m,sh; 952 m; 965 m; 1010 s; 1020 m,sh{
1033 m; 1043 m; 1063 m; 1099 s; 1122 s; 1138 w; 1157 ﬁ; 1163 m; 1190 m;
1202 m,sh; 1241 w; 1262 LH 1283 's; 1340 w,sh; 1351 m; 1368 s cm—l.

The p.m.r. spectrum recorded as a 5 wt.% solution in benzene with TMS

as internal standard showed resonances:

2 assignment
8+02 singlet CE3’N
8425 singlet 'C§2'N

8+43, 8+54 doublet (CH, ),CH-Be

The p.m.r. spectrum of a sample in d8-toluene was recorded at various
o . .
temperatures down to -80 . There was no splitting or broadening of the

(N—CH3) resonance.

Reactions of di-n-propylberyllium

Preparation of di-n-propylberyllium

The reflux distillation procedure described earlier (p.85) was
carried out on a 0°19 molar scale. To a solution of 15°5 g. of

beryllium chloride in 200 ml. ether was added 185 ml. of a 2°05M solution

of n-propylmagnesium bromide at a rate to maintain a steady ether reflux -
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ca. 15 minutes. The mixture was stirred for a further 15 minutes,

after which the magnesium halides readily settled out. The ether layer
was decanted off and, after removal of ether under‘reduced pressure,

the product was distilled at 85° (0il bath)/0*l mm. Hg and collected in
a vessel cooled in liquid nitrogen. [Found: hydrolysable n-propyl,
35¢47%; Be, 3+71%. Cy4H5,Be0, requires hydrolysable n-propyl, 35°47%;

Be, 3°70%. This analysis corresponds to a formula of PrnzBe(OEtz%r
Molecular weight (cryoscopically) in 0°86, 128, 257 wt.% benzene
solution, 126, 135, 148; corresponding to degrees of-association of
0°+52, 0°55 and 0°61]. The infrared spectrum was recorded as a liquid
film: 649 m,br; 719 s; 781 vs; 796 s,sh; 840 s; 855 m,sh; 877 w; 901 m;
924 m; 975 m,sh; 1000 s; 1038 vs; 1053 s,sh; 1093 s; 1120 m; 1156 s;
1170 s; 1195 s; 1209 w,sh; 1263 w; 1284 w; 1315 m; 1324 m,sh; 1366 m,sh;
1379 m,sh; 1389 s; 1408 m,sh; 1453 s; 1471 s; 1481 m,sh cm_l.

Ether-free di-E-prépylberyllium was prepared by the method of reflux
distillation with an oil bath temperapure of 60° and.10_3mm.Hg with the
condenser temperature -30° for 24 hours. The product was distilled.at
400/10-3 mm. [Found: hydrolysable n propyl, 90°3%; Be, 9°43%; M
(cryoscopically) in 0°52, 0°78 wt.% benzene solution 194, 203. 012H28Be2
requires hydrdlysable n-propyl, 90°53%; Be, 9+47% M, 190]. The infrared
spectrum as a liquid film: ~ 556 m; 719 s; 777 m; 793 m,sh; 883 m;

893 m,sh; 980 m; 1007 m; 1053 vs; 1099 vw,sh; 1179 s; 1206 m,sh; 1218 m,sh;
1266 vw; 1307 w; 1326 m,sh; 1339 m; 1381 m; 1403 m; 1460 s; 1471 s;

2732 w,sh; 2786 m,sh; 2849 vs,sh; 2865 vs; 2924 s,sh; 2959 vs cm_l.
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Reaction between di-n-propylberyllium with N,N,N'-trimethylethylene-

diamine

A solution of 0°63 g. (6°*2 millimoles) of N,N,N'-trimethylethyl-
enediamine in 10 ml. hexane was added to 1°*5 g. (6°2 millimoles) of
bis(diethylether)di-E-propylberyllium in 10 ml. hexane cooled to -78°.
Reaction occurred below room temperature and the product was recryst-
allised from a small volume of methylcyclohexane. When heated in a
sealed tube under nitrogen it decomposed at 60°. [Found: hydrolysable
n-propyl, 28°0%; Be, 5°81%; M (cryoscopically) in 0°78, 1°17 wt.%
benzene solution 284, 298. C16H40Be2N4 requires hydrolysable n-propyl
28+1%; Be, 5887 and M, 306]. The infrared spectrum (as a Nujol mull):
494 m,br; ~559 m; 585 m;;4667 m; 774 my; 779 s;~ 800 s; 882 m; 953 m;
979 w; 1001 m; 1017 s,sh; 1032 s; 1065 m; 1106 m,sh; 1125 s; 1161 s;

1175 m,sh; 1205 m,sh; 1205 m; 1214 w,sh; 1252 ﬁ,sh; 1258 m; 1282 m;

1318 m; 1353 m; 1376 s,sh; 1385 vs; 1420 m; 1460 vs; 1473 vs em L

Reaction between di-n-propylberyllium with pyridine and 2,2'-bipyridyl

Pyridine (2°5 ml., a large excess) was added to 1°0 g. (3°6
millimoles) of bis(diethylether)di-n-propylberyllium beryllium and an
immediate yellow colour developed. On removal of solvent a yellow oil
remained which solidified on further pumping. After removal of ali
tﬁe solvent the yellow solid melted at ca. 100, as it warmed up, to a

yellow oil. It was not investigated further.
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Reaction between di-n-propylberyllium pyridine complex and 2,2'-bipyridyl

A solution of 0°56 g. (3°+6 millimoles) of 2,2'-bipyridyl in 10 ml.
of ether was added to the pyridine complex obtained above. The
soiution immediately turned red and when all the 2,2'-bipyridyl had
been added the solution appeared black. Blood-red crystals were obtained
from pentane solution, on heating in a sealed tube under nitrogen the
complex decomposed above 90°. [Found: hydrolysable n-propyl, 34-4%;

Be, 3°60%; Mécryoscopically) in 0°71, 1+06 wt.% benzene solution 271,

267. BeN, requires hydrolysable n-propyl, 34°3%; Be, 3°58%; M,

C16t205eN,

251]. The infrared spectrum (recorded as a Nujol mull) contained
absorptions: 690 s; 735 s; 763 vs; 797 m; 855 w,sh; 893 m; 962 w;
1000 w; 1041 s; 1047 m; 1124 w; 1159 w; 1169 w; 1252 w; 1277 w; 1311 m;

1323 w; 1366 w,sh; 1383 m; 1427 m; 1445 m; 1572 w; 1605 s o

Separatioﬂ of ether from diethylberyllium

A mixture consisting of mainly diethylberyllium diethylether
complex was boiled with reflux for 24 hours at ca. 107 mm. (oil bath
temperature 500, condenser —150). Evolution of ether was insignificant

3
mm. and no trace

after 18 hours. The residue was distilled, 65°/10”
of ether nor any compound containing oxygen was detected in its mass
spectrum [Found: M (cryoscopically, 0°73, 1°09 wt.% in benzene), 138,
136 and (cryoscopically, 0°36, 0°55, 0°72 wt.% in benzene), 131, 141,

137 after 6 months storage as a solution in benzene, 0°019 g. per c.c.,

in a sealed tube. C8H20Be2’ M = 134].
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Proton magnetic resonance spectra of beryllium dialkyls

The pem.r. spectra of the beryllium dialkyls, (R2Be)2

i n .
Bu~, Bu have been examined over a range of temperatures.

3

are discussed later.

i
, R = Et,Pr

The results

3
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Hydride Chemistry

Pyrolysis of«[2-dimethylaminoethyl(methyl)amino]-t-butylberyllium -

attempted preparation of [HBe(NMe)C2H4NLde2]3

A sample of the compound was heated in a sealed tube in vacuo.

Gas evolution did not take place until 2000, and an infrared examination
of the evolved gases then showed the presence of isobutane, isobutene,
and ethylene. An orange residue containing no hydrolysable hydride

remained. The reaction was not investigated further.

Pyrolysis of di-t-butylberyllium - attempted preparation of t-butyl-

beryllium hydride

In all the reactions described, ether-free di-t-butylberyllium was
fractionated through two traps at -78° immediately before use to remove
any isobutene or isobutane that may have been present.

Initial experiments were carried out using the following technique.
A measured volume of di-t-butylberyllium was condensed into the pyrolysis
tube attached to the vacuum line. Nitrogen was admitted to a pressure
of ca. 70 em. to suppress distillation of the di-t-butylberyllium into
a liquid nitrogen trap placed in the system to collect the evolved
isobutene. The apparatus was sealed from the rest of the vacuum system
and Heating commenced. At intervals heating was discontinued and the

nitrogen pumped out. The isobutene evolved was measured. Nitrogen was

then re-admitted and the pyrolysis continued.
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‘The data obtained for a series of experiments are listed below:

time total total
Vol.Bu tBe T heated at heating isobutene isobutene
2 tempera- time evolved evolved
ture T

90*4 N.c.c. 60° 17 hours 17 hours 15°8 N c.c. 158 N.c.c.
65° 5 22 8-1 23+9
70° 9 31 12+1 36+0
75° 3 34 448 40+8
80° 4 38 119 52¢7
2 14146 90° 8 8 12047 . 120+7
3 1134 105° 3 3 112+9 1129
110° 12 15 0°2 113°1
4 204+8 110°  o0-1 0°1 187+0 187+0
110°  0°9 1 177 2047
110° 47 48 0°0 2047

The first experiment was discontinued after 38 hours as the
reaction time was far too long for convenient preparation of the half-
hydride, without severe risk of oxidation. Excess di-t-butylberyllium

was removed in vacuo and a very viscous oil remained. This was analysed

by hydrolysis, in situ, and the ratio hydrolysable hydride:hydrolysable
butyl was 1°06:1.
In Experiment 2, after pyrolysis 1 ml. of toluene was added and the

mixture stirred for two hours before removing the toluene and excess




-116-

di-t-butylberyllium in vacuo. The product was a glass and it was

hydrolysed in situ.

- found: . Bu : Be : H=1°02 : 1°00 : 0+99
In the third pyrolysis the same procedure was adopted to remove
excess di-t-butylberyllium and a glassy product obtained. A weighed
sample was analysed. [Found: hydrolysable butyl, 83°3%; hydrolysable
hydride, 1°49%; Be, 13°62% - ratio Bu : Be : H =103 : 100 : 1°02.
C4H10Be requires hydrolysable butyl, 85°1%; hydrolysable hydride, 1°50%;

Be, 13°427].

s
No evidence was obtained for the removal of the second mol. of
isobutene as shown by the results of the fourth experiment.
Samples for p.m.r. and i.r. spectroscopy were prcpared in the same
way. The p.m.r. spectrum was recorded as a 10 wt.% solution in benzene

at 33+5°,  The spectrum was unexpectedly complex although some peaks

were rather broad. Resolution was improved on recording the spectrum at

100°:
33.5° 100° assignment
g T _
broad peak 79 (centre) -7+9 (centre) (CHB)ZCECHi—
doublet 886, 8-98 886, 8+96 (CEB)ZCHCHZ:—
singlet - 9+02 (CEB)BC:-
doublet 936 (centre) 9+31, 9°41 (CHB)ZCHQEZZ-

The product appears to be a mixture of isobutyl- and t-butyl-beryllium

hydrides.
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The experimental procedure was then modified so that isobutene,
once formed, was swept away from the t-butylberyllium hydride. Di-t-
butylberyllium in toluene was syringed onto the top of a fractionating
column in which toluene was refluxing (at such a rate that the toluene
continued refluxing) and allowed.to pyrolyse as it ran down the column.
A current of nitrogen was flowing up the column in order to sweep away
the isobutene as soon as it was formed. Analysis of the toluene
solution showed:

isobutane : beryllium : hydrogen = 101 : 1-00 : 0°98

The p.m.r. spectrum of the material obtained on removal of the toluene
was very similar to the one previously obtained. A chlorination
procedure was used to establish the relative amounts of tert-butyl- and
iggbutylberyllium hydride.

A solution of chlorine in o-dichlorobenzene was prepared by
_ bubbling dry chlorine into o-dichlorobenzene for approx.'15 minutes.
This solution was then analysed by adding potassium iodide and titrating
‘the liberated iodine with standard sodium thiosulphate solution.

A sample of the mixed hydrides dissolved in toluene was cooled to
-78° and chlorine in o-dichlorobenzene slowly added. The mixture was
allowed to warm to room temperature. Reaction occurred at about 10°
and was sufficientlyvexothermic to raise the temperature of the solution

0 .
_to approx. 40 . The reaction vessel was attached to the vacuum line

and the more volatile constituents evaporated into the line. Hydrogen
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chloride was removed by fractionation and the remaining gases condensed
into a tube fitted with a serum cap and stopcock from which samples
.could be withdrawn. No hydrogen or isobutane was found in this
procedure.

The mixture of t-butyl chloride and isobutyl chloride were analysed
by gas chromatography using a 5 ft. neopentylglycol adipate column
operating at 60°. A series of calibration mixtures were injected and
peak areas measured. Base line separation of the peaks was obtained
with liquid samples. Injection of gaseous samples caused some broad-
eﬁing of the peaks but base line separation of the peaks was still
obtained.'

Samples (gaseous 5°0 ml.) of the chlorination products were injected
and peak areas integrated. Ten samples were injected and average values
were:

isobutyl chloride 69 + 3%

|+

. tert-butyl chloride .31 + 3%

The chlorination procedure was applied to a sample that had been
pyrolysed by the initial proceduré, i.e. isobutene had not been swept
away from the hydride. The product from Expt.4 (see page 115) was found
to contain 82% isobutylberyllium hydride.

At this stage attempts to prepare t-butylberyllium hydride were
abandoned in favour of the preparation of isobutylberyllium hydride in a

‘similar manner. Di-isobutylberyllium had not been prepared previously.
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Preparation of di-isobutylberyllium:

The preparation was carried out on a 0°45 molar scale using the
general procedure discussed earlier.

To a solution of 35 g. beryllium chloride in 300 ml. ether was
added 260 ml. of a 3°39M solution of isobutylmagnesium chloride in ether.
When the precipitated magnesium chloride had settled, the ether layer
was decanted off and after removal of most of the ether the product was
distilled at 70° (oil bath)/0°+001 mm.Hg into a flask cooled by liquid
nitrogen. The product, a colourless liquid, analysed as BuziBe(OEt2)0,5.

Its p.m.r. spectrum was recorded (as a neat liquid) with TMS as internal

standard:

T assignment
quartet 5+71,582,5°96,6°06 CH3CEZO¥
septet 7°69,7°80,7°91,802,8+13,8°23,8°33 (CH3 )ZCECHZ'-'
triplet 8:58,8+69,880 CEBCHZO-
doublet : 9+00,9°11 (CEB)2CHCH2-
doublet 9+80,9°11 (CH, ),CHCH, -

Removal of the remaining ether was attempted by the method of Head,
Holley and Rabideau.115 This was not successful since no material could
be distilled from the reaction mixture. Ether removal by the reflux
distillation method was then carried out as described earlier. The
conditions used were identical with those used for di-isopropylberyllium

and the product was distilled at 45°/O°001 mm. Hg into a flask cooled. in
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liquid nitrogen. [Found: hydrolysable isobutyl, 93°3%; beryllium, 7°37%;
M (cryoscopically) in 0°52, 0°69, 1+04 wt.% benzene solution 264, 248,

248. requires hydrolysable isobutyl, 92°7%; beryllium, 7°31%;

C16M365%2
and M, 246].
The p.m.r. spectrum of di-isobutylberyllium was recorded both as a

neat liquid and a 20 wt.% solution in benzene, with TMS as internal

standard in both cases:

benzene solution neat liquid assignment
e T

9+43, 9°33 9+56, 9445 (CH, ),,CHCH,,~

8-85, 8-75 8:94, 9°05 (c§3)ZCHCH2:

* 4 * X

7-80 7°90 (CH, ), CHCH, -

*centre of resolved septet

The observed spectrum (in benzene solution) is shown in (5,5)

The infrared spectrum of the product was recorded as a liquid film,
v(max): 719 m; 782 w; 833 m; 864 m; 945 w; 961 w; 976 w,br; 1018 m;
1031 w; 1073 m; 1081 m; 1163 m; 1189 s; 1205 m,sh; 1319 m; 1325 m,sh;
1333 m,sh; 1370 s; 1377 m; 1389 m; 1466 vs; 1538 w,br; 2591 vw; 2762 w;
2833 m,sh; 2857 vs; 2882's; 2924 vs,sh; 2941 vs; —

After distillation of ether free di-isobutylberyllium an involatile
residue remained in the flask. This residue was very viscous and would

take several hours to run down the sides of the flask. On hydrolysis a

0°2772 g. sample gave:
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BujBe

20% in benzene

68+30 N c.c. hydrogen
63°12 N c.c. isobutane

28°16 mg. beryllium in solution

therefore ratio Bu : Be:H = 0°90 : 1°00 : 0°97



-122-

Chlorination of a sample as previously described showed that all the
butyl content was in the iﬁgbutyyéorm. The residue was thus 68 wt.%
iggbutylberyllium-hydfide. The residue was not investigated further,
but was used to prepare a co-ordination compound of isobutylberyllium

hydride as will be described later.

Pyrolysis of di-isobutylberyllium - preparation of Aisobutylberyllium

hydride

A variety of conditions were used in trial experiments for the

preparation of isobutylberyllium hydride: These are summarised below.

1. 0°253 g. Di-isobutylberyllium was transferred to a pyrolysis
apparatus and this was attached to the vacuum system. The pyrolysis was
carried out under ca. 50 cm. nitrogen, measuring evolved isobutene at
intervals. This being the same procedure as used for the pyrolysis of
di-tert-butylberyllium. After 12 hours at 850, 30°3 N c.c. of isobutene
had been evolved, (46°1 N c.c. required for the preparation of the half-
hydride) and after a further 4 hours at 110° the total isobutene evolution
.was 52¢3 N c.c. The product was glassy and analysis confirmed that
pyrolysis had continued beyond the half-hydride.

2. Further pyrolysés were carried out in a similar manner at a
temperature of 85° measuring the evolved isobutene until the reaction had
gone ca. 95% towards the half-hydride. At this stage the product was a
very viscous liquid and 10 ml. pentane was added and the mixture stirred

for about 5 minutes to remove excess di-isobutylberyllium. This washing
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procedure was carried out three times. A double Schlenk tube fitted
with a reflux condensor was used for these preparations. The product
was dissolved in benzene and used in solution for reactionms.

3. Pyrolysis of di-isobutylberyllium etherate - this involves the
combination of two reactions: (a), removal of ether and (b), pyrolysis
of the di-isobutylberyllium. The reaction was carried out both under
vacuum and under 1 atm. nitrogen pressure at a temperature of 85° and-
using a similar washing procedure as for method (2). The evolved
isobutene and ether were not measured as the extent of reaction could be
visualiy estimated, the pyfolysis being stopped when the viscosity of
the product étopped the magnetic stirrer.

The major objection to these methods is the time that a very air
sensitive.compound has to remain in apparatus with several greased joints
and hence the risk of oxidation. |

4. - The most useful preparative route for large scale (23.5 g. samples
of di-isobutylberyllium etherate) was to heat the di-isobutylberyllium
etherate rapidly to 150° under 1 atm. nitrogen until the product became
viscous (EE' 1 hour). The product was dissolved in bénzene as
described earlier. Samples for analysis and i.r. examination were
obtained by removing the benzene under‘reduced pressure.

Samples produced by methods 2, 3, and 4 were found to give
satisfactory analytical data. As samples for further work were prepared

by method &4 analytical data are quoted for this mode of preparation.
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[Found: hydrolysable butyl, 85°3%; hydrolysable hydride, 1°+48%;

beryllium, 13°347%;

AT
hydrolysable hydride, 1°50%; beryllium 13°42%].

Be requires hydrolysable Butyl, 85°+1%;

Gas chromatographic

analysis of the chlorination products showed that the product consisted

of isobutylberyllium hydride only.

The p.m.r. spectrum was recorded in benzene solution with TMS as

internal standard, resonances characteristic of isobutyl-groups were

observed but not resonance due to -Bqﬂ:

T assignment

9+49, 938 (cH, ), CHCH, "~

8+96, 8-86 (CH, ),CHCH, "
7°9 (CHB)ZCgCH ~  (septet)

The molecular weight was determined of two samples prepared by high

. temperature pyrolysis:

Analysis: Bul,Be,H
Calc.

M.Wt. wt . compound
wt.solvent
AT
M

degree of
assocn.

concn. (wt.%)

A
83+9%,13 *44%,1+52%
85+1%,13+42%,1°50%

0°2601 g
8-77, 1315 g
0089, 0-078°

1770, 1550

2742, 23°2

2498, 1-99

B
85+3%,13 *34% 1 +48%
85+1%,13 *42%,1+50%

0°2271 g
877, 13°15 g
0-136, 0+086

1005, 1040
15+0, 15°5

2459, 1+73
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The infrared spectrum of isobutylberyllium hydride was recorded as
a Nujol mull and as a solution in cyclohexane. The spectra recorded as
Nujol mulls were of poor quality due to the difficulty involved in
grinding up the glassy samples. Below 1250 cm-1 the spectra are>very
similar, but in the region 1250-2000 cm-1 there are considerable

differences as illustrated in (5,6).

' (5.6)

cycilohexane !
solution

Nujol mull

: T T
| | I | 1|o n o 12 5 6 7 8 9
microns
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Co-ordination compounds of isobutylberyllium hydride

Reaction of isobutylberyllium hydride with N,N,N' N'-tetramethylethyl-

enediamine

Excess N,N,N' ,N'-tetramethylethylenediamine (25 ml.) was added to
06 g. isobutylberyllium hydride dissolved in 10 ml. benzene. The
solution'became slightly warm. On removal of solvent (to 3 ml.) and
addifion of hexane (10 ml.) a white precipitate was formed. The complex
was recrystallised from 1:2 benzene/hexane mixture (10 ml.) as colour-
less needles. The complex melted over the range 96-98° and sublimes
readily at 800/0°001 mm.Hg. The sublimed product had the same m.p.
96-98°. [Found: hydrolysable butyl, 44°8%; hydfolysable hydride, 0°81%;
. beryllium, 7°25%; M (cryoscopically) in 0°97, 1+46 wt.% benzene solution
241, 259.

C14M1365%2N,
hydride, 0°80%; beryllium, 7°20%; M, 250].

Be N ;Fquires hydrolysable butyl, 45°6%; hydrolysable

The p.m.r. spectrum was recorded as 10 wt.% solution in benzene.
Resonances due to TMED coincided with that due to (CHB)ZCEpﬂz: and the

resonance due to BeHZBe was not observed.

v assignment
9+84, 9°75 (CH, ), CHCH,-
8+51, 8+41 (CH, ), CHCH,,-
800 Me,NC,H,NMe, (broad: width at half height
277274772 6
c.p.s.)
7°9 (CHB)ZCECHZ_ (unresolved)
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The infrared spectrum recorded as a cyclohexane solution contained
absorptions, v(max): 595 m; 676 s; 763 m; 786 w; 814 vs; 828 w; 870
vﬁ; 885 w; 942 vs; 964 vs; 998 s; 1007 m,sh; 1019 m,sh; 1064 s; 1087 m;
1101 w; 1134 m; 1159 m; 1183 s; 1203 w; 1225 m,sh; 1264 m,sh; 1333 vs;

1379 vs cm_l. The spectrum recorded as a Nujol mull, was identical.

Reaction of isobutylberyllium hydride with N,N,N' N'-tetraethylethylene-

diamine

Excess N,N,N',N'-tetraethylethylenediamine (30 ml.) was added to a
solution of 0°'9 g. isobutylberyllium hydride in 15 ml. benzene. The
complex was recrystallised as small needles from a small volume of
pentane. When heated in a sealed tube under nitrogen the complex melted
at 62-63°. [Found: hydrolysable butyl, 37+3%; hydrolysable hydride,
0°+647%; beryllium, 5°90%; M (cryoscopically) in 1463, 2°+45 wt.% benzene
solution 314, 309. 018H44Be2N2 requires hydrolysable butyl, 37°2%;
hydrolysable hydride, 6'63%; beryllium, 5°89%; M, 306].

.The infrared spectra were identical when recorded as a Nujol mull
and a solution in cyclohexane, v(max): 667 m; 671 m; 735 w; 760 m; 769 s;
784 m; 800 w; 827 w; 858 w; 891 m; 941 s; 963 s; 1015 m; 1050 m; 1064 m;
: 1093.m; 1127 m; 1159 m; 1176 m; 1258 w; 1325 s; 1342 s; 1370 vs; 1391 s;

1399 s; 1433 m; 1466 m cm L.

Reaction between isobutylberyllium hydride and tetrahydrofuran
Excess tetrahydrofuran (3°5 ml.) was added to a solution of 0°6 g.

isobutylberyllium hydride in 10 ml. benzene. On removal of solvent a
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viscous liquid remained which was redissolved in hexane (10 ml.) and
filtered. Solvent was removed under reduced pressure after transferring
the solution to a flask. [Found: hydrolysable butyl, 41°2%; beryllium,
6 +49%; hydrolysable hydride, 0‘%0%; M (cryoscopically) in 1+37, 2-04

272
41+0%; beryllium, 6°47%; hydrolysable hydride, 0°73%; M, 278].

wt.% benzene solution 281, 284, C16H36Be 0, requires hydrolysable butyl,

The infrared spectrum was recorded as a liquid film, v(max):
662 m; 800 w; 876; 896 w,sh; 921 w; 932 m; 947 m; 979 vs; 1020 vs; 1041
s,sh; 1064 s; 1158 w; 1188 s; 1203 m,sh; 1250 w; 1290 m,sh; 1315 s;

1359 s; 1371 s,sh; 1393 m,sh; 1466 s cm ..

Decomposition of di-t-butylberyllium on the vacuum line

Di-t-butylberyllium was stored in a trap, cooled to -780, on the
vacuum line. The fractionation procedure used to purify it before use
has been mentioned earlier. This procedure was found to be entirely
satisfactory provided that the storage tube on the vacuum line was clean.
One sampe of di-t-butylberyllium was stored in a trap (at -780) that
contained a film of metallic zinc formed by the decomposition of diet-
butylzinc. After storage for ca. 3 weeks it was found that only a
small proportion was distillable under vacuum. The residue, a highly
viscous liquid was sealed-off from the vacuum line and transferred to a
glove box. A sample was analysed:

02170 g on hydrolysis ———— ~7°¢48 N c.c. hydrogen
22+11 N.c.c. isobutane

4387 N c.c. beryllium
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ratio Be : Be : H=0°51 : 1 : 0°17

ratio Bu+ H : Be =068 : 1
The viscous liquid was chlorinated by the previously described procedure
and, after fractionation, the products were analysed‘gas chromatograph-
ically:

iso-butyl chloride 82 + 27

_t-butyl chloride 19 + 2%
A benzene solution of the viscous solution was prepared and a sample of
this was analysed by hydrolysis using water and 2N sulphuric acid. The
hydrolysis solution was extracted with ether (3 x 20 ml.) and the
combined ether extracts were dried with anhydrous magnesium sulphate.
The bulk of the ether was removed by distillation and the residual
solution analysed gas chromatographically using a 10 ft. Apiezon L column
_operating between 50° and 150°. Benzene and ether were the only two

constituents that could be identified.

Decomposition of di-t-butylberyllium in a p.m.r. tube

A freshly fractionated sample of di-t-butylberyllium was condensed
into a p.m.r. tube and its spectrum recorded immediately. The expected
single line resonance, as observed previously, was obtained. The sample
was kept at laboratory temperature and its p.m.r. spectrum recorded at
intervals over the next 10 months. A representative selection of the
observed spectra are reproduced (5,8). The spectral changes are
consistent with the formation of iso-butylberyllium species. After 40

weeks resonance due to (QEB)SC-Be was not observable. The upfield shift




t-Butylberyllium: decomposition at room temperature
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of the methylene protons with time is quite marked as can be seen from

the table:

time (Mezég.cg ) ratio iso- : t-butyl
333 hr. 9°-17, 9-28
453 9422, 933
580 9+25, 9°36 he2 s 1
645 9426, 9°38
9+5 wk. 9+35, 946
135 9+38, 950 12 : 1
18+5 941, 9°52
27 942, 9+54
40 9+43, 9+54

In contrast the resonances due to (CEB)ZCHCHZBe- (T 8:94, 9°+05) were
not observed to shift significantly'throughout the experiment, once they
had first appeared. The resonance due to (QE3)3CBe was also constant

at T 9°07 throughout the experiment.

Co-ordination Compounds of Beryllium Hydride

In an experiment aimed at the formation of isobutylberyllium hydride
6 ml. di-isobutylberyllium etherate were heated to 80° overnight (15
hours) in vacuo. A hard foam formed which was insoluble in 40 c.c.
refluxing benzene. To this mixture was added &4 ml. of N,N,N',N'-tetra-
methylethylenediamine (TMED), the glassy material immediately dissolved

to form a clear, colourless solution. This solution was filtered and
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on addition of hexane a white solid was obtained. On heating in a
sealed capillary-the substance shrank at 128° and 1900, finally melting
over the range 207-213°. A sample was analysed, reaction with 2-methoxy-

ethanol being violent at low temperature.

00440 g. on hydrolysis ——>» 21°15 N c.c. hydrogen

3°86 N c.c.‘iggbutane

6°28 N c.c. TMED

0°0338 g. contains 3°56 mg. beryllium

0°+0440 g. would contain 463 mg. (11°55 N c.c.). beryllium

ratio Bu : Be : H: TMED =1 : 299 : 5+48 : 1°63

ratio Bu+ H ; Be : TMED = 3°98 : 184 : 1

" The infrared spectrum of the product showed the presence of the BeHzBe
bridgéjgnd also a strong sharp .absorption at 1767_cm-1.

It was concluded that the product was a mixture of (BuiBeH)zTMED
and H4Be2TMED. Separation was attempted on the basis of the ready
solubility of (BuiBeH)ZTMED in pentane. The mixture was transferred to
a Schlenk tube and 15 ml. pentane and 2+5 ml. TMED were added and the
mixture stirred overnight. ‘Vefy little solid appeared to have dissolved.
On filtering and pumping dry some solid had dissolved - presumably
(BuiBeH)zTMED but there was not sufficient to identify it. The white
solid was removed and analysed. [Found: hydrolysable hydride, 2°91%;
.hydrolysable butyl, 0%; beryllium, 12°97%. C6H20Be2N2 requires

hydrolysable hydride, 2°91%; beryllium, 13+04%]. It was insoluble in
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both aliphatic and aromatic hydrocarbons. When heated in a sealed
capillary the compound melted at 210-2110, with decomposition. The
infrared spectrﬁm, recorded as a Nujol mull, contained absorptions at:
536 w; 571 w; 612 w; 725 m,sh; 741 vs; 780 m; 797 m,sh; 806 m; 823 s;

907 s; 948 vs; 960 s,sh; 995 vw; 1005 w; 1024 s; 1087 vw; 1105 w; 1135 w;
1181 w; 1205 vw; 1238 m; 1307 s; 1351 vs; 1366 vs; 1447 vs; 1481 m,sh;
1787 and 1807 vs doublet, cm—;.

The observed spectrum is shown in Fig. (5,9).

t
i
“ - H4Be2TMED
|

5 . V 10 A 15 microns T 20
' X :

The hydride was insoluble in excess TMED.




-133-

In an attempt to prepare a soluble compound N,N,N' N'-tetraethylethyl-
enediamine (TEED) was used. Di-isobutylberyllium etherate (6 ml.) was
pyrolysed overnight (as before) and 4 ml. TEED was added to the foam
in 20 ml. benzene. A clear solution was produced which was filtered
and on removal of solvent a viscous oil remained. The oil\redissolved
in pentane and on prolonged pumping a waxy solid was obtained. Analysis
showed it to be a mixture as before and as both compounds were soluble
in pentane it could not be purified.

Work is now in progress studying the reactions of beryllium hydride

prepared by precipitation in order to simplify purification problems.

Reactions between isobutylberyllium hydride and olefins

Reactions were carried out using the technique described by Bell
and Coates.60 The rate of disappearance of the olefinic peaks being
measured by p.m.r. spectroscopy. As the reactions were carried out in
benzene solution all areas of olefinic protons are measured relative

to the area due to the aromatic protons.

Reaction of Bu BeH with pent-l-ene at 33+5°

Benzene was evaporated under reduced pressure from a sample of
0°253 g. (3°8 millimoles) isobutylberyllium hydride in 3 ml. benzene,
until the volume was ~0°5 ml. Pent-l-ene, 0°41 ml. (84*4 N c.c.) was
added and the sample transferred to a p.m.r. tube. The sample was

. o
maintained at 33°5 (spectrometer temperature) and spectra recorded at

intervals.
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time (min.) area of -CH=CHp time (min.) area of -CH=CHj
.17 12-9 37 3+9
20 100 48 2+7
26 83 64 18
28 6°9 78 1-0
31. 5°3 130 -

From the graph the half-life is ~ 10-15 mimites.

Reaction of Bu'BeH with 2-methylbut-2-ene at 33°5°, 85° and 110°

The reaction was carried out as for the previous one.
. o .

(i) 33*5° : no reaction after 7 days
s o .

(ii) 85 : no reaction after 4 days

(iii) 110° :

time (hr.) Me,,C=CHMe
o 11-0
24 75
48 546
72 43
96 35

The solution then became too viscous to record its p.m.r, spectrum.

The half-1life of the reaction is ™ 50 hours.
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The vibrational spectra and molecular structures

of di-t-butyl-beryllium and -zinc

Di-t-butylberyllium is considerably more volatile than the other
beryllium dialkyls. 1Its vapour pressure at 25° is comparable with that

of a branched chain C, hydrocarbon and on these grounds it was pre-

4,115

9

sumed to be monomeric.
The "normal" boiling point and Trouton constant indicate that on
"evaporation there is no marked change of molecular complexity, and any
association in the liquid phase must involve relatively weak bonding.
Cryoscopic measurements show that di-t-butylberyllium is monomeric in
benzene solution. The mass spectrum of di-t-butylberyllium also shows
it is monomeric in the vapour phase.182
The infrared spectrum of both gaseous and liquid samples of di-t-
butylberyllium and the Raman spectrum of the liquid have been examined.
To define the origin of certain features of the vibrational spectrum
the infrared spectrum of the fully deuterated derivative was recorded in
the vapour phase. While the vibrational spectra of numerous simple t-
butyl compounds of the type (CH3)3CX (X = halogen, H, OH, SH)183-189
have been analysed, there is little comparable information concerning
di-t-butyl derivatives. For comparison therefore the vibrational
speétrum of di-t-butylzinc was examined; in this case there is little

doubt that the €-Zn-C skeleton is linear, and the spectrum provides a

~useful index to the spectroscopic properties of this type of system.
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The observed vibrational frequencies of di-t-butylberyllium and
[2H9]di-t-butylberyllium, with relative intensities and states of
polarisation are shown in Table 19. The corresponding data for di-t-
butylzinc are given in Table 20. The overall symmetry of the

M[C(CH ) molecules (M = Be or Zn) depends on the barrier to rotation

3]2
of the CH3 groups about the C--CH3 bonds; microwave evidence190 indicates
a comparatively high rotational barrier for (CH3)3CF, and if this were
true for the M[C(CH ) molecules the exact symmetry will be
determined by the exact conformation of the CH3 groups. However, on
the reasonable assumption that the arrangement of the methyl groups
will have little influence upon the vibrations of the C3C-M-CC3 skeletons
or their selection, it is possible to discuss the structures of the di-
t-butyl compounds with reference to the precise point groups of either
molecule as a whole. An electron diffraction study has recently shown
that the minimum energy conformation is the eclipsed one, but the
barrier to internal rotation is £ 0°6 kcal.191
For a molecule with 75 degrees of vibrational freedom di-t-butyl-
beryllium has a remarkably uncomplicated vibrational spectrum.
Particularly striking is the comparatively small number of bands
attributable to the vibrations of the heavy atom skeleton of the
Be[C(CH3)3]2 molecule. Of the 21 possible vibrational fundamentals of
the C3C—Be-CC3 unit, no more than 7 can be located in the Raman spectrum

and 5 in the infrared spectrum (in the range explored). Moreover, apart
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from certain ambiguities due to crowding of fundamentals (e.g. near
1200 cm—l) there is a general absence of coincidences between Raman-
and infrared -active skeletal fundamentals. These two generalisations
strongly support a mbnomeric Be[C(CH3)3]2 molecule with a high degree
of symmetry; the apparent operation of the "mutual exclusion" principle
also suggests that the molecule is effectively centrosymmetric with a

point group of D3d’ see Table 21.

A polymeric structure would require appreciably more complex
spectra, whereas if the molecule were monomeric but possessed a bent
skeleton (effective point group sz) the selection rules would permit
all 21 skeletal fundamentals (or 19 with free rotation) in the Raman

and 17 (or 16) in the infrared spectrum. As in the cases of molecule

14,192

like Zn(CH3)2 and Hg(CHB)Z’ it is probable that the alkyl groups

rotate more-or-less freely about the metal-carbon bonds, and in these
circumstances, for a linear C-M-C skeleton, the appropriate effective
point group is D3d’193 although certain deviations from the strict D3d
selection rules may be expected.194 ASignificantly, the Raman spectrum
of di-t-butylberyllium contains a line at 132 cm_1 which, contrary to

the D,, sélection rules, can reasonably be attributed to the skeletal

3d
bending frequency (v14). This particular violation of the selection

6
rules for a linear molecule has also been noted for MeZZn,14 MeZCd,1

and Me Hgm’195 as well as for the C82 molecule,196 the weak appearance

2

of whose forbidden bending mode has been shown to be due to molecular

interactions.
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The modes of vibration, their symmetry species and selection rules
for the heavy atom skeleton of the M[C(CHB.)B]2 molecule assumed to have
effective point group D3d are shown in Table 22. The rules permit 6
Raman and 7 infrared bands due to fundamentals; 3 of thg Raman lines
should be polarised. In fact the Raman spectrum of di;t-butylberyllium
contains just 3 polarised lines at frequencies below 1250 cm_l, which
are confidently assigned to Vis Voo and Vs of species alg' As for
related molecules, the essential linearity of the C-Be-C skeleton is
confirmed condusively by the observation that the intense, polarised
Raman liﬁe at 545 cm_l, due to the symmetric C-Be-C stretching mode, is
not active in the infrared region. Apart from the "extra" low
firequency line already mentioned and a weak feature at 450 cm-l, there
are then three other well defined (depolarised) Raman lines whose
frequencies are in harmoﬁy with their assignments as Vgs Vg and Y10 of
species eg.

Assignments of the infrared active fundamentals are less easily
accomplished since there is no property of the spectfa to aid the
identification of vibrations of a particular class. The symmetric top
Be[C(CH3)3]2 molecule has comparatively small moments of inertia
(particularly along the top axis), and in principle the contours of the
vapour phase infrared bands due to a5, vibrations should differ
appreciably from those due to e, vibrations. In practice, the vapour

phase infrared spectrum of di-t-butylberyllium showed only one band (at
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-1 . . .
23.890 cm ~) with partially resolved rotational branches; otherwise the

internal torsional motions of the CH, groups and the (CH3)3C- groups

3

are ﬁrobably responsible for smearing out any fine structure arising
from the rotation of the molecule as a whole.

In the absence of any information about band types in the vapour
phase infrared spectrum, vibrational assignments have been based largely

on the D3d selection rules (particularly in conjunction with Raman

polarisation data) and on analogies with the spectra of (i) molecules

183-189 (ii) the Structurally related paraffin

2,2,3,3-tetramethylbutane, (CH3)3C.C(CH3)3,197’198 and (iii) t-butyl-

of the type (CH3)3CX,

lithium.199 The primary problem is to distinguish bands due to the

CBC-Be—CC3

skeleton from those due to the internal motions of the
methyl groups (C-H stretching, CH3 deformation, and CH, rocking). For

the heavy atom framework of a simple t-butyl -compound (CH3)3CX (point

group C V) there are 6 fundamental modes of vibration comprising,

3
roughly, C-C stretching (symmetric and antisymmetric types), CC3
deformations (symmetric'and.antisymmetric), CC3 rock, and C-X stretching.
Such modes have been.identified for a range of X and the trendé are
useful as a guide in the analysis of the skeletal fundamentals;of di-t-
butyl-beryllium and -zinc. Bands due to the internal motions of the
methyl groups have been ascribed to the appropriate general types of

motions rather than to particular modes. The frequencies of the C-H

stretching and CH3 deformation modes in t-butyl compounds have been
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found to be within two fairly narrow and distrinctive regions,183_185’200

which have been adequately characterised, but there has been a long
standing disagreement over the frequencies appropraite to the C-C °

1

stretching and CH, rocking modes, which appear in the range 800-1250 cm .

3
Deuteration studies, and a normal co-ordinate analysis of (CH3)3CC1,

have recently revealed187

that there is pronounced mixing of the two
types of motion so that simple pictures of group vibrations and
frequencies are misleading. Nevertheless, the bands of (CH3)3C01 near
1200 cm"1 are markedly less sensitive to deuteration than those in the
region. 800-1030 cm—l, and, with the qualification already made, it seems
reasonable, to a first approximation, to attribute bands of the first
type to (essentially) C-C stretching modes and those of the second type

to (essentially) CH, rocking modes. To this extent the assignment

3
originally favoured by Simpson, Shephard, and others200 for t-butyl
groups is still valid.

There is a second complication. For (CHB)BCX molecules the
frequency of what approximates to the C-X stretching mode appears at
ca. 900 cm-1 when X is a "first row" element like F, O, or N.183i186.
Accordingly, Ve s the antisymmetric metal-carbon stretching mode in
Be[C(CH3)3]2 may well occur in a region already populated by bands due
to CH3 rocking or C-C stretching vibratiomns. To clarify these and other

details reference is made to the infrared spectrum of the fully

deuterated derivative Be[C(CD3)3]2. Deuteration causes a marked
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decrease in frequency of all vibrations predominantly associated with
movements of the hydrogen atoms of the methyl groups. Thus, the infra-
red features near 2900 cm_1 for Be[C(CH3)3]2, obviously due to symmetric
and antisymmetric C-H stretching modes, show the expected large shift
(to 2025-2225 cm-l) on deuteration; Curiously, the absorptions of the
deuterated compound have an intensity patte?n quite different from that
of the C-H absorptions, and also extend over a wider frequency range;
this appears to be a characteristic of (CD3)3C groups,183_185’187-189
and presumably indicates the extensive interaction between the different
C-H (or C-D) stretching vibrations. Frequencies between 1360-1500 cm_1
in the spectrum of the (CH3)3C compound drop to 1000-1080 em ! in the
spectrum of the (CDB)BC compound, and are ascribed to methyl
deformations (symmetric and antisymmetric types). Motions involving
major contributions from methyl rocking, which appear in the region
800-1000 cm™ - for di-t-butylberyllium, also appear at much lower
frequencies (650-870 cm-l) for the deuterated compound. There is
ﬁnavoidably some latitude in attributing the observed vibrational
features to particular modes of this class (a1g + a5, + 2eg + 2eu)
though the assignments cannot be seriously in error. The infrared bands
near 1200 cm-1 in the spectrum of Be[C(CH3)3]2 suffer comparatively
small frequency changes on deuteration, and are therefore associated

mainly with C-C stretching modes of the skeleton of the molecule,

although some interaction with C_H3 rocking modes belonging to the same
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symmetry class is inevitable (cf. t-butyl chloride187). The frequencies
of the latter hybrid modes of di-t-butylberyllium are consistent with
the identification of the polarised Raman scattering at 1201 cm_1 with
Vi the comparatively high depolarisation of this line (not much less
than 6/7) probably reflects the influence of the vibrational coupling.
Comparison of the infrared spectrum of di-t-butylberyllium with
that of its deuterio-analogue indicates, beyond doubt, that the anti-
symmetric Be-C stretching vibration is to be attributed to the very
intense infrared band at 450 cm-l, which is little influenced by
deuteration. Thus contrary to the normal fule, the ahtisymmetric

stretching mode appears at lower frequency than the corresponding

symmetric mode (v2 = 545 cm_l); this seems to be due to the unusually
large interaction between the t-butyl groups. The remaining vibrations
of the heavy atom skeleton of the Be[C(CH3)3]2 molecule should be
relatively insensitive to the effect of deuteration, and the e,
deformation of the C(CHB)3 groups (v12) has been identified with an
infrared absorption at 475 and 459 cm-l in the spectra of the normal and
deutero-derivatives, respectively. The other deformation and rocking
modes of the C(CH3)3 group have frequencies belpw 400 cm_l, the limit

of infrared measurements involving tﬁe deutero compound; of necessity,
assignments in this region depend upon comparisons with the spectra of
183-189,197,198

other t-butyl compounds, and upon the identification of

the polarisgd Raman :line at 212 cm_1 with Vas the totally symmetric
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(CH3)3C deformation mode. The situation is complicated by the coupling
of vy with Vs and Ve with vy producing somewhat "uncharacteristic"
frequencies for the skeletal deformation modes. Despite this, a
virtually complete allocation of skeletal frequencies if suggested in
Table 19; only Vi3> the infrared active (CH3)3C rocking vibration
(expected at ca. 260 cm_l) has eluded detection. No feature clearly
attributable to torsional motions of the methyl groups has been observed,
but such modes are usually comparatively weak both in infrared
absorption and Raman scattering, and it is doubtful whether this omission
is significant.

Similar arguments are applicable to the analysis of the incomplete
vibrational spectrum of di-t-butylzinc, with the results shown in Table
20. The conspicuous similarity between the infrared spectra of the
~zinc and beryllium derivatives in the region 600-3500 cm-1 confirms that
the bands here arise almost exclusively from internal vibrations of the
(CH3)3C groups; consequently, the spectrum of di-t-butylzinc between
600 and 3500 cm_1 is easily interpreted by reference to the corresponding
features in that of di-t-butylberyllium. However, skeletal motions
involving the metal atom or metal-carbon bond appear at lower
frequenciés when beryllium is replaced by the larger zinc atom; where
observed, these can be identified for the zinc compound by the relative
intensities and positions of the vibrational bands and by comparison

83-18
with the spectra of molecules like (CH3)3CBr.1 3-185




-144-

The satisfactory analysis of the spectra of both~Be[C(CH3)3]2

and Zn[C(CH3) in terms of a D., model leads to the fundamental

3]2 3d

frequencies for the skeletal vibrations listed in Table 23. The
vibrational bands still unaccounted for, invariably of low intensity,
can be interpreted as overtones or combinations of the fundamentals.
The large number of fundamentals (some of which are inactive in both
the Raman and infrared spectra) commonly allows several possible
assignments, and detailed individual assigmments taking account of the
symmétry of the transition, were not practicable.

In general terﬁs, therefore, the vibrational spectrum of di-t-
butylberyllium in the vapour and the liquid phase leaves little doubt
that the molecular unit is basically monomeric and linear with respect
to the metal atom. The compound thus provides one of the rare instances
of beryllium's e#hibiting 2 co-ordination at room temperature, the only
other comparable molecule is the recently prepared [(MeBSi)zN]zBe.18
On the other hand, two features of the liquid-phase spectra of the
t-butyl derivative could well signify that there is weak second-order

molecular interaction in the condensed phases, viz: (1) Contrary to the

D selection rules, the antisymmetric Be-C stretching mode, Ve s

3d

appears weakly in the Raman scattering. This could mean that the
C-Be-C skeleton is not strictly linear in the liquid or it could be

due to the close approach of a second molecule leading to a reduction

in the effective symmetry of the molecule (6,1):
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Te ------ Me3C———Be——-~CMe3

(6,1)

(2) Change of phase induces some unusually large frequency shifts (up to
30 cm-;) and changes in intensity of infrared absorptions (e.g., near
2900 and 1000 cm_l). This is indicative, though not necessarily proof,
of some degree of molecular association in liquid di-t-butylberyllium.
The states of di-t-butylberyllium is possibly analogous to that of
trimethylindium where the intermolecular interaction is so weak as to
persist as a significant bonding influence only in the crystalline

shase, 2015202

The frequencies (450 and 545 cm-l) attributable to the vibrations

'of the Be-C bonds are very low in comparison with the analogous

frequencies of compounds of the type (CH3)3CX 891, 912 and 585 cm-l for
. 183-187 . . '
X = F, OH and Cl respectively or with those of the zinc compound.
Since beryllium is such a light atom, this can only mean that the Be-C
bonds have an unusually small stretching force constant, k. Preliminary

estimates122 suggest that it is not very different from the value of

0°8 x 105 dynes cm-1 estimated for bridging Be-C in polymeric
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dimethylberyllium.165 Though the comparison is limited by the
variation of k with the alkyl substituent, the stretching force
constants of the metal-alkyls of the Group II metals apparently form
an irregular series. The trends shown in Table 24 are quite unlike

the more regular variations observed in Groups III and IV.202
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Reactions of di-t-butylberyllium with bases and weak acids

Trimethylamine does not displacé ether quantitatively from di-t-
butylberyllium etherate34 but by using ether-free di-t-butylberyllium
1:1 complexes ButzBeNMe3 and ButzBePMe3 have been prepared. These
complexes are of interest as they.are iso~electronic with trift-butyl-
borane, a compound whose preparation has caused some difficulty.
Although tri-t-butylborane has been reported,207—209 later work has
shown that reactién between t-butylmagnesium chloride and boron tri-
fluoride have resulted in Bui3B br BuizBBut.210 Both complexes have
the same melting point within a degree and the relatively high value
réflects the high degree of symmetry of these complexes. There was no
evidence for the addition of a second mole 6f base. >Since the bistri-
mefhylamine complex of dimethylberyllium has a considerable dissociation
pressure32 (23 mm. at Oo), the greater volume of t-butyl relative to
methyl groups would prevent the formation of ButzBe(NMe3)2. However
the chelating base N,N,N' N'-tetramethylethylenediamine (TMED) displaces
ether from di-t-butylberyllium etherate and givgs a crystalline 1:1
complex, ButzBeTMED. ﬁimethylberyllium and35 di-isopropylberyllium
form similar 1:1 complexes. Construction of a model of ButzBeTMED
shows that there is insufficient room around the beryllium atom for both
t-butyl groups and both MezNCH2 groups. The p.m.r. spectrum of this

complex is consistent with a constitution in which only one nitrogen is

complexed at a time, but in which rapid exchange takes place between




perdeuteromethyicyclohexane
33

8-01

-90° -50°

NMe-CH

8ulad” . H'
2

NMe,

5= tolidepe 33

-160

-25°

dg-totuene !

complexed and free nitrogen.,

The spectrum of the complex,

simple due to the coincidence of the N—QEZ

6,2

The observed spectra are reproduced (6,2).

in perdeuterotoluene, is unexpectedly

and N-CH, resonances. In

-3

perdeuteromethylcyclohexane these resonances are observed separately.

Due to the low solubility of the complex in perdeuteromethylcyclohexane

low temperature p.m.r.

spectra could not be recorded.

Low temperature p.m.r. spectra of the complex in perdeuterotoluene

were recorded and splitting of the N-C_}!3 resonance is observed below
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-25% as the exchange between complexed and uncomplexed dimethylamino
groups becomes slow. This effect is not observed for the magnesium
analogue,157 the magnesium being bigger than the beryllium atom, nor
for the di-isopropyl complex, PrizBeTMED, both of which are considered
to have chelate structures. An alternative explanation is that
exchange is still ?apid at -80° in those complexes.

Steric effects play an important part in reactions of di-t-butyl-
beryllium with substances containing acidic hydrogen. Whereas MezBe.NHMe2
decomposes rapidly with methane evolution when it melts (440),59 and
EtzBe.NHMe2 evolves ethane below room temperature, the t-butyl complex
does not evolve isobutane quantitatively even on prolonged heating.
Inspection of a model of the complex, ButzBeNHMez, shows that the amino
hydrogen is well shielded and would not be able to easily approach the
tertiary carbon atom of the same or an adjacent molecule. Isobutene
evolution is faster if trimethylamine is added, presumably by displacing
some dimethylamine which is then able to react.19 The effect of having
a tertiary amine close at hand is very evident since the complex
of di-t-butylberyllium with trimethylethylenediamine eliminates iso-
butane smoothly and quantitatively at room tenperature: The product

(6,3), a liquid is unique amongst the aminoberyllium alkyls prepared

so far in being monomeric in benzene (cryoscopically).
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*///NHMe——-CHZ NHMe—-——CH2
But Be : _— But Be ’ |
2 2 ;\ /CH2
/CH2 | N
Me

N 2
Me2 l
NMe———--CH2
ButBe
N CH
Me2 2
(6,3)

A series of complexes (RMNMeC, H NMe,, M = Be, Mg, Zn) has been

274
described35’73’157,and with the single exception described above are

all dimeric in benzene solution, and are believed to have the structure

(6,4):
H, G Me, N R
H (l: M N>M<NM cH
o MeN o
2 \M/ ‘ 2.
R-/ \NMeZ———CHz
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Small changes in the sizes of the alkyl groups attached to beryllium also
result in dimeric structures (6,4: M = Be, R = Pri, Pr™). Similarly the
products formed when di-t-butylberyllium reacts with 2-dimethylamino-
ethanol and 2-dimethylaminoethanol are dimeric, (ButBeXCZH4NMe2)2 X =

0, S, because the oxygen or sulphur atom occupies less space than does

. the NMe group in ButBeNMeCZH4NMe2.

Since the change from monomeric ButBeNMeCZH4NMe2 to dimeric
(PriBeNMeCZH4NMe2)2 must be due mainly to the volume of the t-butyl
group being greater than that of the isopropyl group, to an extent which
.prevents dimer formation, one would expect the isopropyl groups in the
dimer to be subject to considerable steric restraint. For example,
rotation of the isopropyl groups about the Be-C bonds is likely to be
restricted, and by'construction of a model it is clear that the iso-
propyl group capnot rotate and that only two conformations are possible.

The resonances due to the (CEB)ZCH- groups in the p.m.r. spectrum
of (6,4: M = Be, R = Pri) indicate such restriction since they consist
of an overlapping pair of doublets, of equal intensity at % 8°59 and T
8:68 (both J = 7 c/sec.) at —400, 7 8+66 and 8+72 (J = 7 c/sec.) at 20°,
but which are collapsed to one doublet at ¥ 874 (J = 7 c/sec.) at 80°.

Degrees of association of two, three and four have been found for
the 2-dimethylaminoethanol derivatives of di-t-butylmagnesium,93

dimethylberyllium66 and dimethylmagnesium?3 All these can be readily

formulated as containing four co-ordinate metal as discussed earlier.
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In agreement with the general observation that larger substituents favour
. L. 20 . . t .

smaller degrees of association, it is observed that Bu BeSC2H4NMe2 is

dimeric in benzene. The analogous methylzinc derivative is also a

2H4NM62)2’ thus the beryllium, magnesium and zinc

derivatives,~MeMSC2H4NMe2 all have different degrees of association in

benzene solution and form a very curious series. A crystal structure

dimer, (MeZnSC

analysis of the magnesium derivative is in progress.
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Ether free beryllium dialkyls

The preparation of beryllium dialkyls by reaction of two moles of
a Grignard reagent with one mole of beryllium halide is the most
convenient reaction on a laboratory scale. The products, after
separation from magnesium halides and distillation at low pressure, are
normally ether adducts of indefinife composition. Coates and Glockling
described a process of "reflux distillation" whereby ether could be
removed from di-iigpropylberyllium.26 This method was not applied to
the removal of ether from beryllium dialkyls and an idea has persisted
that beryllium dialkyls are very difficult to separate from ether.
Consequently processes99 have -been devised, related to those which allow
aluminium alkyls to be separated from ether, such as the formation of
complexes with potassium fluoride and their subsequent decomposition in
the absence of ether, as discussed earlier. The use of organomagnesium
halides, prepared and used in hydrocarbons, has been reported for the
preparation of beryllium dialkyls, notably di-n-butylberyllium which is
reported to be a viscous liquid.27 In the present work its viscosity
is found to be comparable with that of the other liquid beryllium
dialkyls and is considerably less than that of concéntrated sulphuric

acid.

The reflux distillation procedure has been used for the preparation

-1
of several ether-free beryllium dialkyls, R,Be (R = Et, Prn, Bun, Bu ),

which were needed for a mass spectroscopic study of their fragmentation

182 '
under electron impact. Experimental details have been given earlier.
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The temperatures at which the dialkyls distil are~40-65° at 10_3mm.

with the exception of di-n-butylberyllium which surprisiﬁgly does not
distil until 95°. The separation of ether from dimethylberyllium is
more difficult, no doubt due to occlusion of ether within the crystalline
material; repeated sublimations at low pressure are necessary. The
diaryls of beryllium tenaciously retain ether, but this is likely to be
'due to their relatively strong acceptor strength, e.g. diphenylberyllium
forms a bisdimethylsulphide complex38 whereas dimethylberyllium and
dimethylsulphide do not form a'complex.29 The use of organomagnesium
halides in hydrocarbons is of considerable value in the preparation of
beryllium di-aryls.2

Di—iggpropyl-,26 di-n—butyl-,27 and di-é_g_c_:-butyl-berylliumzo3 are
dimeric in benzene solution and structures (6,5) containing bridging

and terminal alkyls groups have been proposed:

ey

.CH A
Me CH—Be:f ‘fBe-CHMez

\“C|H,'.
Me2

(6,5)
Di-t-butylberyllium is monomeric and steric factors must play a large
part in this. There has been some uncertainty in connection with the

molecular weight of diethylberyllium, the degree of association

reported to be just over two shortly after solutions had been made but




-155-

rising to over three after eight months.25 Oxidation could well have
been the reason for this observation as ethylberyllium ethoxide may well
have been formed and such compounds have been shown to be tetrameric in
benzene except when there are steric abnormalities.20 The molecular
weight of diethylberyllium (in benzene) has been re-measured both as a
freshly ﬁrepared solution and after storage, in benzene, for six

months in a sealed tube under vacuum. It was found to be dimeric in.
both cases. Similarly di-n-propyl- and di-isobutyl-beryllium are dimeric
in benzene and structures analogous to (6,5) are suggested.

The reflux distillation process cannot be applied to the separation
of ether from its complex with di-t-butylberyllium, since ether-free
di-t-butylberyllium is so volatile. Instead, ether may be separated by
the addition of beryllium chloride, which is a stronger Lewis acid.
Yields of up to 40% of di-t-butylberyllium were reported after stirring
the mixture for 15 hours.115 A white crystalline by-product, which
sublimed in vacuum just below 50° was reported, and "from analysis it
was apparently t-butylberyllium chloride etherate but it was not other-
wise characterised". No analytical data were given."Sf Considerably
increased yields were obtained when the period over which the mixture
was stirred was reduced to 1 hour, with a consequent reduction in the
amount of by-product formed.

In view of the possibility that this by-product was a beryllium

analogue of a Grignard reagent, it was re-examined. Replacing beryllium
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chloride by beryllium bromide the corresponding bromide was obtained.
These products are t-butylberyllium halide diethyl ether complexes and
both are dimeric in benzene solution. Since the bridging properties

of halogen are undoubtedly better than those of t-butyl, the formulatiom
(6,6) is proposed similar to that suggested for its t-butylmagnesium

chloride diethyletherate which is also dimeric in benzene.

t t
Bu X OEt Bu c1
2
\BJ/ \Be< \Be<
EtZO/‘ \x/ Bu® EtZO/ OEt,
(6,6) (6,7)

In refluxing diethylether, t-butylberyllium chloride had a mean degree
of association of 1°07 over the concentration range 0°002-0°020M, so the

chlorine bridge is presumably cleaved by ether giving monomeric (6,7)
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Reactions of zinc dialkyls with weak acids

Dimethylzinc reacts with acetic acid and dimethylphosphinic acid
to form products which are insoluble in-benzene and which are believed
to contain bridging acetate and dimethylphosphinate groups. Their
insolubility is considered to be due to cross linking between the zinc
atoms of one dimer unit and the oxygen atoms of another thereby raising
the'co-ordination number of zinc from 3 (in the dimer unit) to 4.

These products dissociate above 75° and 140° respectively.73 The
reaction of dimethylzinc with propionic and benzoic acid were carfied
out in the hope of preparing soluble compounds containing three co-
ordinate metal. This was not successful due to the disproportionation
of the product at room temperature, quite a remarkable change from the
cases mentioned above. Steric factors are unlikely to be the reason
for this as the MezP- group is more bulky than the CH3- group and yet
the dimethylphosphinate does not disproportionate until a mach higher
temperature than the acetate.

Alkylzinc alkoxides are generally tetrameric in benzene solution,73
but where bulky groupé are involved lower degrees of association are
observed, e.g, phenylzinc triphenylmethoxide is dimeric.82 The degree
of association of methylzinc-t-butoxide is concentration dependent,
falling from 4 at about 0°5M to less than 3 at O°12-O'2M.85 In view of
the steric hindrance it is reasonable to expect that t-butylzinc t-

butoxide whould have a degree of association of less than four. It is
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dimeric in benzene solution and is formulated (6,8).

(6,8)

Very recently Noltes and Boersma have reported that (6,8) is
trimeric in benzene?llAs low concentrations were used, and therefore
iow depressions of freezing point obtained, this result is possibly in
error. A pale yellow monopyridine adduct of (6,8) is readily prepared,
whereas a pyridine adduct of (PthOCPPh3)2 could not be prepared.82
The pyridine adduct dissociates in benzene solution, the observed

degrees of association are only slightly greater than unity and the

process:

[Bu"(py)zn0Bu®], === (Bu‘zn0Bu"), + 2py

takes place in benzene solution. Pyridine has been identified in the
solvent evaporated from solution.

The deep yellow pyridine adduct of di-t-butylzinc is extensively
dissociated in benzene solution (cryoscopically). |
The preparation of zinc di-t-butoxide from diphenylzinc and t-

butanol gave a prodict whose analysis was not very good. > The

preparation from diethylzinc and t-butanol is a more satisfactory




preparation.

(6,9):
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The product is insoluble and is believed to

t t t
Bu Bu But gu

\/\/\/\/
NG \/‘\/'\

0 . t
But Bu But Bu

Bu

But

(6,9)

The possibility of a polymer containing cross linked

be polymeric

units of

(6,9), with zinc possibly six co-ordinate and oxygen four co-ordinate

must be considered.

. 2
benzene solutlon,0

The beryllium analogue of (6,9) is trimeric in

a result of the small size of the beryllium atom

being unable to accommodate the steric requirements of the t-butoxy

groups whereas the larger zinc atom can and is therefore polymeric.
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P.m.r. spectra of beryllium dialkyls

The p.m.r. spectra of a number of beryllium dialkyls have been
investigated in order to attempt to distinguish between bridging and
termipal alkyl groups. Some of the spectra have turned out to be very
complex and further work is necessary.

The p.m.r. spectrum of &i—n-propylberyllium (TMS used as standard
in all cases) at 33+5° consists of a doublet of unequal intensity at
T 882 and 8°92 and a broad unfesolved peak centred oﬁ Y94, A
similar spectrum is obtained when di-isopropylberyllium is studied as a
407 solution in perdeuterotoluene. The spectrum of this sample has
been examined over the temperature range -60 to +80°, spectra obtained
below =45° are considered unreliable due to the high viscosity of the
solutipn. At temperatures of 60° and above the septet due to (CH3)2CE'
is resolved, but there is no change in the positions of the observed
resonances, though the resonances due to (Q§3)2CH- are sharper. On
lowering the temperature to 20° considerable broadening occurs and at
-10° very little detail is present. By -30° more detail is present and

at least five peaks are observed in the position of the (CEB)ZCH-

resonance. The spectrum is very similar at -45° and the positions of
the five peaks are T 8:77, 8:90, 9°00, 9°10,.9:19... Some of the observed
spectra are shown in the diagram (6,10).

The p.m.r. spectrum of di-isobutylberyllium has been described

earlier both as a pure liquid and as a solution in benzene. There is a
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-
:

solvent effect. The spectrum has been investigated over the temperature

range +100° to -80° as a solution in perdeuterotoluene. Broadening of
all the peaks was observed as the temperature was lowered but no further
effects were observed as the temperature was lowered still further.
Diethylberyllium has been studied as a solution in both perdeutero-
toluene and perdeuteromethylcyclohexane (both concentrations 40% by
weight). There are significant differences in the spectra in these two
solvents and in their variation with teﬁperature. In both solvents the
spectra show second order effects as has been observed for triethyl-

aluminium in cyclopentane. On lowering the temperature the methylene
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resonance broadened and finally split into two quartets corresponding
to terminal and bridging ethyl groups. The resonance due to the

20
groups.

bridging methylene group coincided with that of the CH3

Similar results were reported elsewhere.205 The p.m.r. spectra of
diethylberyllium in both toluene and methylcyclohexane are temperature

. . o
invariant above 40 :

d8-toluene d14-methylcyclohexane
(o J cfsec. v J c/sec.
CH,CH,Be 8494 8 8+45 7
CH,CH,Be 974 8 9+43 7

The resonances being at much higher field in toluene. Fetter3, has
quoted values of ¥ 8+44 and T 9+10 for the methyl and methylene protons
respectively, but no data were given concerning the temperature or
solvent, if any.

As the temperature is lowered the methylene resonance (of diethyl-
beryllium in perdeuteromethylcyclohexane) brﬁadens and at -10° no
detail is preseht. As the temperature is lowered still further some
detail re-appears in‘the methylene resonance. Some of the observed
spectra are shown in (6,11). The spectrum of the sample in toluene
behaves quite differently, at 0° considerable broadening has occurred
and by -20° the methyl triplet has collapsed to a very broad peak:. As

the temperature is lowered still further this peak splits into two
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T T e
Et,Be

in C,Dyy

-40°

-10° l
i
M JJ : ‘}m

6.1

>

triplets centred on T 8+71 and 9°13 with areas in the ratio 1:2
respectiQely at -60°. By this temperature the methylene resonance is
showing extra detail and at least five peaks are present. A selection
of the observed spectra are shown in (6,12). Spectra could not be
recérded below -60° due to the high viscosity of the solution.

The p.m.r. spectrum of di-n-butylberyllium has been reported in a
communication as "having a normal n-propyl pattern plus a multiplet
The p.m.r. spectra of both di-n-

- L : 27
containing at least eight lines".

butyl- and di-n-propyl-beryllium have been recorded. There are

considerable differences in the spectra as can be seen from the
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diagrams (6,13). The spectra are considerably more complex than a
"normal" n-propyl pattern as found, for example, in l-nitropropane
and l-bromopropane. The n-propyl pattern, in such molecules,
consists of two triplets and a sextet.

Recent work has shown that dicyclopentadienylberyllium interacts
with aromatic solvents to such an extent that paramagnetism is induced
in the system. This caused large shifts in the aromatic resonance
signals in the p.m.r. spectra and was directly observed by electron spin

resonance (e.s.r.) spectroscopy. A complex of the form:

cp, Me £p

is postulated. A bonding scheme is proposed in which two beryllium sp3
hybrid orbitals are directéd towards the complexed solvent molecule.
Symmetry considerations permit a bond with the vacant E, orbitals on the
aromatic molecule into which electrons can be excited to form a bond.206
The possibility of this form of interaction must be considered in
the cases of the beryllium dialkyls and more work must be done in‘
aromatic hydrocarbons in order to observe any shifts in the aromatic

resonances. The recording of spectra at 100 MHz and e.s.r. spectra of

these would be of considerable value.
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Hydride Chemistry

Berylliuﬁ hydride reacts with N,N,N'-trimethylethylenediamine
eliminating hydrogen and forming, (HBeNMeCZHANMez)B.135 Pyrolysis of
ButBeNMeCZH4NMe2 was expected to lead to the same product as pyrolysis
ofy(PriBeNMez)3 resulted in the formation of (Me2NBeH)X.26 Howevér,
isobutene evolution from ButBeNMeCZH4NMe2 did not take place below
200° and at this temperature the substance underwent general
decomposition, ethylene being evolved and an orange residue remaining.

Coates and Glockling reported the formation of isopropylberyllium
hydride by the pyrolysis of'diiiggpropylberyllium.26 The glassy
product was considered to be polymeric. The other routes to alkyl-
(and aryl-)beryllium hydrides have been discussed in some detail
earlier. All these methods result in a product that is not a pure
alkylberyllium hydride, e.g., donor solvents are necessary in the
early stages of some reactions and cannot be completely removed.
Alkylberyllium hydrides prepared by such methods have been used to
prepare co-ordination compounds and to study the reaction of -BeH with
olefins in the presence of a trace of efher, (RBeH:OEtsz 6°1).
Solvent-free alkylberyllium hydrides are of considerable interest
structurally and the pyrolysis reaction was studied with the aim of
obtaining spectral and molecular wéight data on the products. As the
pyrolysis of di-isopropylberyllium results in the formation of a glass,

the pyrolysis of di-t-butylberyllium was carried out. Ether free di-t-
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butylberyllium is readily prepared115 and spectral characterisation is
relatively simple.

Considerable effort has been directed towards the preparation of
beryllium hydride by the complete pyrolysis of di-t-butylberyllium and

34,115,119

its etherate, but there have been no reports of the

preparation of a half-hydride.

The conditions required for the pyrolysis have been described in
the Experimental section. Pyrolysis at 105-110° was rapid and yet
there was no evidence for the evolution of more than one mol. of iso-
butene from di-t-butylberyllium. The product, a viscous liquid, was
soluble in aromatic hydrocarbons and a p.m.r. spectrum of a sample in
benzene was recorded. This showed quite conclusively that some
isomerisation had taken place to isobutylberyllium hydride. Chlorination
showed that isomerisation was not complete, a mixture of isobutyl- and
t-butyl chlorides having been produced. The resonance due to t-butyl-
beryllium was not observed in the p.m.r. spectrum at 33+5° but on
raising the temperature it appeared as a shoulder on the high field
side of the (CES)ZCHCH2 resonance and was quite distinct at 100°.

The isomerisation to isobutylberyllium is explainable by the

addition of isobutene to beryllium hydride species. This can occur in

two ways:
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Bu BeCH, ~CHMe

t
Bu BeH

P + =\
(ii) + Me,C=CH, subBeCMe. —CH

2 73

Reaction (i) is favoured both on steric and polar grounds. The
products can then be re-pyrolysed.

If the isobutene can be removed from the reaction site as soon as
it is formed then the proportion of t-butylbefyllium hydride should
increase. This was carried out, sweeping isobutene away with a
current of nitrogen, the product was still ~ 707% isobutylberyllium
hydride. It seems likely that the'product previously characterised
as isopropylberyllium hydride26 is, in fact, a mixture of n-propyl-
and isopropyl-beryllium hydrides. On hydrolysis both form propane
and therefore cannot be distinguished this way. Hydrolysis of both
t-butyl- and isobutyl-beryllium results in the formation of isobutane.

As the products from the pyrolyses of di-t-butylberyllium were
always mixtures, the pyrolysis of di-isobutylberyllium was next
carried out. Both di-t-butyl- and di-isobutyl-beryllium are relatively
easily pyrolysed. For example, when ether-free diﬁiggbutylﬁeryllium
is prepared (24 hrs. reflux at 500) a residue remains when the di-iso-
butylberyllium is distilled and this accounts for a substantial

proportion of the initial beryllium present (up to 25% in some instances).

In contrast, di-isopropylberyllium requires heating to 200° in order to
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form the half hydride.26 This residue is substantially isobutyl-
beryllium hydride, possibly contaminated with some ethoxy- and butoxy-
beryllium derivatives. This residue was used to prepare some co-
ordination complexés of isobutylberyllium hydride.

The conditions dsed to prepare isobutylberyllium hydride have
been discussed in detail earlier.l The p.m.r. spectrum of isobutyl-
beryllium hydride does not show the resonance due to hydrogen directly
~ attached to nitrogen. This is not unusual, it has only been detected
in three cases'so far (see Table 13). The quadrupole moment of
beryllium is of the same order as that of 14N and the resonance would
be very broad. The beryllium-hydride resonance was not detected in any
compound prepared in this work.

Infrared spectral studies and molecular weight measurements in
benzene have been carried out in order to try and elucidate the
structure of isobutylberyllium hydride. The solubility of isobutyl-
beryllium hydride is somewhat anomalous and it takes some time for it
to dissolve in benzene. Some samples have dissolved in aliphatic
hydrocarbons to a certain extent, e.g. an infrared spectrum has been
recorded in cyclohexane solution, but stirring with pentane was found
to be a suitable way of removing any excess di-isobutylberyllium from
the reaction vessel, without significantly reducing the yield of the
hydride. lggbutylberylliﬁm hydride was transferred as a solution in

benzene and used as such when possible. Cryoscopic molecular weight
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measurements indicate that the hydride is oligomeric, but that different
molecular weight were observed for different preparations. 1In view of
the small depressions of freezing point obtained, these values for the
degree of association must be regarded as orders of magnitude (i.e.
about 10-30).

Infrared spectra of several samples (recorded as Nujol mulls) were
identicai (2000-400 cm-l) and the infrared spectrum of a solution in
cyclohexane is the same as that of the mull (1250-400 cm_l). The
spectra do differ in the region 1250-2000 cm_l. It is probable that
smaller units of isobutylberyllium hydride are present in cyclohexane
solution and this would affect the light atom vibrations more than the
skeletal modes in which fairly similar units would be present. The
infrared spectra both indicate that BeHzBe bridges are presentru)The
high frequency absorptién in the spectrum of the Nujol mull (centre
1820 cm_l) may be-due to BeHBe vibrations but the possibility of it
being due to a terminal Be-H bond may be considered. Its breadth

could well be due to mulling difficulties. A structure of the type

(6,14) must be considered.

(IIHMe2
MeZCH\ . CH,, . . H
per” Bl Sl TBe TBé
H/ - ey Tao \CHMe
iz CHMe2
CHMe2
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Alternatively, a structure based on (6,14) with just terminal iso-
butyl-groups and therefore containing three co-ordinate beryllium at

the chain ends 1is possible.

Similar structures to the above, with the ends joined, forming
rings are also possible.

Structures containing the Be*H*Be bridge may occur, as in (6,15):

*Be *H * Be °* H.' Be *H * Be °

I N

in THZ CH CH

.CHMez CHMe2 CHMe2 CHMe2

(6,15)

_Structures containing combinations of (6,14) and (6,15) are also equally

probable.

Co-ordination compounds of iéobutylberyllium hydride.

Methylberyllium hydride forms insoluble, presumably polymeric,
products with bidentate ligands. N,N,N',N'-tetramethylethylenediamine
(TMED), forms a complex with isobutylberyllium hydride, (BuiBeH)zTMED
which is monomeric in benzene. It sublimes readily in vacuo in contrast
withits methyl analogue. The infrared spectrum shows the presence of

the BeH,Be bridge. Absorptions due to the BeHzBe bridge have been

2

, 1 . : .
characterised, 7O_and this complex shows the expected strong absorption
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at 1333 cm_l. On the basis of its molecular weight and its infrared

spectrum it is assigned the structure (6,16).

Construction of a model shows that the TMED molecule can fit in the
required position with no strain involved in maintaining the
conformation.

A similar structure is proposed for the complex with N,N,N',N'-
tetraethylethylenediamine. A remarkable change takes place in moving
from the methylberyllium- to the isobutylberyllium-hydride derivative.
There is obviously scope for further work with other alkylberyllium
hydrides.

The addition of monodentate ligands to alkylberyllium hydrides

60,126 __,

results in the formation of dimeric products such as (3,4)
the tetrahydrofuran complex of isobutylberyllium hydride is formulated

similarly.
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Decomposition of di-t-butylberyllium

The decomposition of di-t-butylberyllium appears to be catalysed
by impurities. The ratio (Bu + H):Be would be expected to be 2:1
whereas it is 0°+68:1. This suggests that some insertion of isobutene
into Be-C bonds has taken place. However, gas chromatographic analysis
of both the chlorination and hydrolysis pfoducts failed to reveal the
presence of higher alkyl substituents.

The decomposition of di-t-butylberyllium at room temperature in a
p.m.r. tube was then studied. Some of the observed spectra have been
reproduced (5,8) and the spectra are consistent with the formation of
di-isobutylberyllium over a period of 40 weeks. The positions of the
methylene resonance have been tabulated, and after 40 weeks they are
not quite in the positions expected for neat di-isobutylberyllium. In
contrast the resonance due to (QES)ZCHCHZ— remains static. The
environment of the methylene protons must undergo considerable change
(upfield shift ~ 0°*3.p.p.m.) during the isomerisation, considerably more
than the solvent effect on this resonance for di-isobutylberyllium
(shift 0°12 p.p.m. downfield  in benzene).

It is interesting to note that resonances due to isobutene were
observed throughout the time that the reaction was studied. This
suggests that a possible mechanism for the isomerisation is via the

hydride as has been discussed earlier.
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Preparation of H4Be TMED

Pyrolysis of di-isobutylberyllium etherate resulted in the formation
of a hydride rich species which was insoluble in refluxing benzene,
and was presumed to have a polymeric structure. This was evidently
depolymerised by the addition of TMED. Analysis of the crude product
showed that a hydride rich species had been obtained and the infrared
spectrum showed . a strong absorption at 1767 cm-l. The product was
believed to he a mixture of (Bu™ BeH) TMED and (H BezTMED) and as the
former is readily soluble in pentane this was used to separate the
two components. This proved to be simpler than expected as the
beryllium hydride derivative would not re-dissolve in aliphatic or
aromatic hydrocarbons or in excess TMED. A structure analogous to that
proposed for (MeBeH)zTMED (3,5) with terminal Be-H groups is therefore

suggested. Smaller units must be present initially:

N

.Me N

S
2\
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This compound shows two strong absorptions at 1787 and 1807 cm-l,

as well as absorptions due to the BeHZBe bridge,. which are assigned to
terminal Be-H modes, v(BeH) in phase and out of phase. This, and
beryllium borohydride216 are the only compounds known to possess a
terminal Be-H bond.

This type of complex has considerable interest and in'aﬁ'attempt
to prepare a soluble complex, N,N,N',N'—tetraethylethylenediamine (TEED)
. was used. As separation was going to be a problem the TEED complex of
isobutylberyllium hydride was first characterised. This has been
discussed. Considerable effort went into the separation of (BuiBeH)zTEED
and H,Be, TEED but was not successful. This is encouraging as

472
HABeZTEED is soluble in hydrocarbon solvents. In order to resolve the
separation difficulty work on the reaction of TEED with beryllium
hydride prepared by ptecipitation using di-isobutylberyllium and lithium

aluminium hydride in ether is in progress. So far no beryllium hydride

has dissolved in TEED.
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Reactions with olefins

The reaction of isobutylberyllium hydride with pent-l-ene (1:1
molar ratio) had a half-life of 10-15 mins. at 33°+5°. This contrasts
with a value of 4°85 hr. for the reaction of ethylberyllium hydride
(and some ether) with pent-l-ene under the same experimental conditions.60
No reaction was detected between 2-methylbut-2-ene and ethylberyllium
hydride (and some ether) was detected at 840.60 At the same temperature
and. under the same conditions (l:1 molar ratio, benzene solution) no

reaction was observed between isobutylberyllium hydride and the same

olefin. However, at 110° a slow reaction did take place (tlfV 50 hours).

2
Ziegler and co-workers have studied the reactions of diethylaluminium
hydride with olefins in the absence of ether.213 It has been stated

that ether has no significant effect on the reaction, and that this is
not surprising as dialkylaluminium hydrides retain their trimeric .
structure in diethyl ether.214 Similarly ether is reported to have no
significant effect on the rate of hydroboration.of a-olefins by a
tetra n-alkyldiborane.212 However, the triethylamine_complex of tetra
n-propyl-diborane reacts much more slowly with olefins than does tetra

n-propyl-diborane itself. The equilibrium:

n ' n .
Pr',B,H, + 2Et,N —> 2Pr ,BH¢—— NEt, ---o- (a)

lies largely to the right at room temperature. Tetrahydrofuran (THF)

incompletely breaks the BH2B bridge and ether not at all. It is claimed
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that THF takes part as follows:
HL
(” \\\
R,BH,BR, + THF == RZB_.:\\H/__,-BRZ === R,BH(THF) + R,BH
o7

“

and if olefin is present this reacts with RZBH. Hydroboration in the

absence of donor solvents must take a different course, the equilibrium:

R,B,H, = 2R, BH
being set up spontaneously.212
Terminal BH bonds are therefore presumed to be the active species
in hydroboration reactions. The retarding effect of a tertiary amine
must depend on the equilibrium (A) lying well to the right whereas in
" ethereal solvents some ﬁncomplexed BH must exist in close proximity to
olefin molecules.
The presence of a tertiary amine affects the reactions of acetylenes

with a dialkylaluminium hydride,215 viz.,

R2A1H + R'C=CH ——> R'CH==CHA1R2 + R'CEECAlR2

R" N
R2A1H + R'C=CH —3—> R'CECAIRZ.NR"3 only

No information is available on the reactions of dialkylaluminium

hydrides with olefins in the presence of tertiary amines. The crux of
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the problem is whether or not the dialkylaluminium hydride retains its
trimeric structure in the presence of the tertiary amine.

The rates of reactions of tertiary amine complexes of organo-
beryllium hydrides with olefins are then of some considerable importance

124

as the BeH,Be bridge remains intact in the presence of tertiary amines.

2
Trimethylamine ethylberyllium hydride reacts with ethylene quantitatively
when heated to 84° for 8 hr. with excess ethylene.60 No'data is
available concerning the rates of such reactions.

The increase in reactivity of isobutylberyllium hydride [over that
of ethylberyllium hydride (and some ether)] with pent-l-ene is
significant. The nature of the BeH bonding is the most likely factor
causing this increase in rate, suggestiﬁg that some form of beryllium
hydrogen bonding other than the BeHZBe bridge is present in isobutyl-

beryllium hydride. The other possible types of beryllium hydrogen

bonding have been discussed earlier.

Further work on reactions of isobutylberyllium hydride, and ether

and amine complexes of it, with olefins are in progress.




TABLES

In the following tables degrees of association refer to cryo-
scopic measurements in benzene solution except where stated otherwise.
Concentrations are expressed as wt.% solutions, i.e. weight of compound

per 100 g. of solvent.

TABLE 1
- Aminoberyllium alkyls: R,Be + R',NH ——> (RBeNR'z)n

Compound (§%2§§°) n Concentration Ref.
MeBeNMe, glass 3 0;37, 0°75 59
EtBeNMe, liquid 3 0°+37, 0°75 19
PriBeNMez liquid 3 0°76, 1+07 19
PhBeNMe,, sgiid 3 074, 1°49 38
MeBeNEt, 1iqﬁid - 3 051, 1-02 19
EtBeNEt2 ' 11‘-4";;1(1 2 0+49, 0°98 19
MeBeNPh2 solid 2 137, 2°06, 4°12 19
EtBeNPh2 | solid 2 0°76, 1+53 19
MeBeNPr™, liquid 2 0-97, 1+08 19
MeBeN(Ph)CHZP; liquid ) 099, 1+48 60
PhBeNPh, solid 2 0°+85, 1°69 38

*prepared from methylberyllium hydride and benzylideneanil.




TABLE 2

Pyridine and 2,2'-bipyridyl adducts of aminoberyllium alkyls.19
Compound Colour 935533—25 Concentration
—_— —_— Association
Me(py)BeNMe2 . colourless 2 0°30, 0°61
Me(py)zBeNMe2 cream 1 0°+71, 0°76
Me(py)ﬁeNth “yellow
Me(py)zBeNth deep yellow 1 0°58
Et(py)zBeNth golden yellow 1 0°52, 1+04
Me(bipy)BeNPh2 brick - red
Et(bipy)BeNPh brick red | 1 0°+35, 0°69

2




TABLE 3

Organoberyllium alkoxides, (RBeOR')n

Compound m.p.
o

MeBeOMe 24
o

MeBeOEt 29
MeBeOPr™ 39°
MeBeOPr1 135o
MeBeOBut 93o
MeBeOCHZPh liquid
MeBeOCHPh,, - 97-108°
MeBeOCPh, 183°
EtBeOCEE, <10°
Pr BeOMe 134°
ButBeOMe 199o

Bu'BeOBu® 108° dec.

o

PhBeOMe 54
o

MeBeOC2H4OMe 103
o

EtBe0C2H4OMe 79

o

we 210" dec.

MeBeOC H4NMe

2 2

=1

Concentration

0449, 099
0+31, 047, 0+9
0°64, 128
0+30, 0+60
0+43, 0°86
0+78, 1+28

0°87, 173

0°54, 108
0°+45, 090
0°49, 097
0+35, 0+70
0+49, 0+98, 136
0+93, 1+85
0+42, 0+85

1:25, 1+66

1+33, 157, 2+00

Ref.

20

20

20

20

60

20

20

20

20

20

38
66
66

66




TABLE 4

Co-ordination complexes of alkylberyllium alkoxides

Compound

MeBeOCHPhZ.OEt2

MeBeOCHth.THF

MeBeOCPh3.OEt2

PhBeOMe.OEt2

MeBeOPh.OEt2

Me(MeO)Be.py2

Me (Bu'0)Be. py

Be(OCzH4NMe2)2

Degree of
Association

1
1°21, 1+41
1

1+23, 1+41

TABLE 5

Beryllium alkoxides,

Compound n
Be(OC6H4X)2 polymeric
(x = H,OH,Cl,Me,NOz)

’Be(OBut)z 3
Be(OMe)2 polymeric
Be(OCEt,), 2
Be(OCzH4OMe)2 polymeric

8-11

Concentration Ref.
0°+38, 0°86 60
0°+40, 0°57 60
1+15, 1+50 20

127 20

059, 119 20

0°61, 1-21 20

0°+35, 070 20
[Be(OR)Z]n

Concentration BEE'

67

0°53, 1+06 20

20

0°+36, 0°72 20

68

0°99, 132, 1-97 68




Alkylthioberyllium alkyls and some complexes69

Compound

MeBeSBut
MeBeSPh
EtBeSEt
EtBeSPr
EtBeSBu®
(EtS)zBe
(Bu®s). Be

2
PrlBeSEt.OEtz
PrlBeSPrl.py2
EtBeSBu® . THF

t
EtBeSBu .py
EtBeSBut.py2
EtBeSBu®.bipy
i
Pr BeSEt.py
t

(Bu S)2Be.py

(ButS)ZBe.bipy

TABLE 6

Colour

white
lemon
orange-red
yeliow
cream

ochre

Degree of

Association

4
2
4
4
4
polymeric
polymeric
2

1

2

0°59, 064

Concn.

0°37,
0443,
0°94,
0+86

043,

0-88
0497,
0+67,
0°65,

064,

0°86

024,

0°74

0°86

1+42

1-30

0°86

1-76

193

100

1-30

1-28

172

0442



TABLE 7

Aminozinc alkyls, (RZnNR'z)n
Compound Stateo n conci. Ref.
| (at 25 )

MéZpNth solid 2 074, 1-48 73
EthNPh2 solid 2 1-5, 1-79. 73
PriZnNPh2 solid 2 - 74
BunZnNPh2 solid 2 - 74
PthNPh2 solid 2 - 74
EthNEt2 liquid 2 - 74
MeZn(NMe )G, H, NMe,, | solid 2 1:26, 158, 166 73

'MeZnNth.pyz solid 1 122, 2443 73




Compound
MeZnOMe
MeZnOBut

t
EtZnOBu
EtZnOPr
MeZnOPh

EthOCHPh2

PthOCPh3

MeZnOCzH4NMe2

EtZn0OC H4NMe

2 2

MeZnOCZH4OCH3

TABLE 8

Alkoxyzinc alkyls, (RZnOR')n

State

solid

solid

solid

solid

solid

solid

solid

solid

solid

liquid

(=

Concn.

1-12, 1469
1+71, 2+43
1+43, 286
1-51, 226
1+77, 3°05
2+15, 3°+08
2-98, 4°18
1+14, 1+60
1498, 2+24

1-83, 2+29

Ref.

73

73

73

79

73

82

82

82

82

82



Aminomagnesium alkyls, (RMgNR'Z)n.

Compound

(EtMgNEtz)ZTHF
i
(EtMgNPr 2)2THF

EtMgNPh,

EtMgNPhZ(THF)Z
PrlMgNth(OEtz)z

PrlMgNth

PrlMgNPrl2

2,2,6,6, tetramethyl-
piperidino(ethyl)magnesium

EtMgN(Ph)PhCHEt

EtMgN:CPhEL

TABLE 9

State

viscous liquid

viscous liquid

solid

solid

solid

“solid

solid

solid

solid

solid

22

n

1-09, 133
1-11, 1+24

polymeric

polymeric

13, 21

Concn. .

1:56, 1+71

1+50, 2°00

1+60, 183

1+02, 143

0+98, 1°30

1+53, 2°17

1°1, 4°3



TABLE 10

Alkoxymagnesium alkyls, (RMgOR')n

Compound n Concn. E* Ref.
MeMgOBut . - - 4 47
EtMgOEt _ - 3,42 88, 92, 47°
EtMgOPr" 7,72 2+80, 3°30 47
EtMgOPr™ 4 1+73, 2+05 47
EtMgOBu® 4 1484, 225 47
priMgoMe 7°0, 74 1:25, 1+40 47

85 4+06

priMgoEt 75, 81 1:31, 1+70 47
PrﬂngOPri 4 20, 3°1 - 47
EtMgOCEt3 insoluble - 2 47
EtMgOCEt , . THF 2 1.0, 1°5 - 47
BunMgOPri 3 - 90, 91
EtMgOCMeEt2 - - 2 47
MeMgOC 2H 4NMe2 4 0°97 -

%
n  determined ebullioscopically in diethylether, concns. 0°008-0°05M

(calc. as monomer).




Compound

MeMgSBu " . THF

EtMgSBu"® . THF

Bu‘MgSPr’ .OEt,

EtMgSBu®

MeMgSCzH4NMe2

Bu MgSC,H, NHe,,

t
Mg(SBu ),

TABLE 11

Thiomagnesium alkyls93

Degree of Association

polymeric

Concn.

0+85, 1+13
169

0:68, 1+36

0+73, 112
1467

0°17, 0°25

1+12, 1+84

2440, 259




TABLE 12

Alkylcadmium alkoxides and alkylsulphides

Compound

MeCdOMe

MeCdOEt

MeCdOPr™

MeCdOBu®

MeCdOPh

Me(py)CdOPh
MeCdSMe

MeCdSPr—

MeCdSBu®

MeCdSPh

Degree of Association

3+6-4

140-1°52

polymeric

polymeric

Concn.

1+67, 1+95
2+33

1+27, 1°57

1-83

0,74, 1+08
1°74, 1495

166, 193
231

2415, 4+13

375, 4+33

" 5.11, 6+24
<

2+23, 2463
2492

% :
insoluble in benzene, but isomorphous by X-ray diffraction

with methylzinc methoxide.




1=

Me

Et

Ph

TABLE 13

Complexes of organoberyllium hydrides, (RBeH.L)2

line width
L btate at  Iep. (Bel, Be) at half-
25 Method height
OEt2 liquid c 842 6 c/sec.
NMe3 solid a,d -
1534 solid c 6°72 36 c/sec.
NMe3 solid a,b 841 6 c/sec.
_NMe3 solid b
PMZe3 solid b
addition of ligand to "RaBe3H2" 124
RBeCl and NaBEtBH.129
R2Be + BeBr2 +,2LiH,60
129
R2Be + EtSSnH.

not observed in spectrum.




TABLE 14

Addition of ethylberyllium hydrides to olefins a 60
Time for
Olefin Temp. Half-life (hr.) completion

of reaction (hr.)

dec-1l-ene 84° - <0°17

pent-l-ene 50° 04 4°2b

pent—Z-eneC 50° 90 _d

pent-l-ene 33+5° 485 45-50

e o

pent-l-ene 33+5 1+4 15-20

a in the. presence of ether and benzene

b bromination gave 95% l-bromopentane and 5% 2-bromopentane.

c 95% cis isomer.

d after 250 hr. at 8° bromination gave 82% of l-bromopentane,
12% of 2-bromopentane, and 6% of 3-bromopentane.

e BeH:olefin = 2:1, the others being 1:1
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TABLE 16

The vibrational spectrum of dimethylberyllium.165
Infrared Raman Assignment
2912 cm-l 2912 cm_1 vS(CH3)
2885 vaS(CH3)
1255 |
5 (cH,)
1243 |
923
p (CHy)
835
567
535
510
455

403 412




Vibrational assignments for Me

Assignment

v(C-H)
CH3 bend
v(C-M-C)
Torsion
v(C-H)
6(0H3)
v(C-M-C)
v(C-H)
B(CHB)
p(C-M-C)
(c-M-C) bend
v(C-H)
S(CHB)

p(cg3)

<

10

<

11

12

<

13

14

TABLE 17

MeZZn

R’ R
2898
1158
504

2870

1185

615

2940

1444
144
2833
1388
620

2Zn,14 Me
. Mesz
R
2904
1129
465
2920
1140
538
2895 2876
1441 1448
705
150
2963
1384
642

2

ca, 16

Me

IR

2880
1205

550
2966
1475

787

Me

14

Hg.

=

2910
1182

515

156
2869
1443

700



Infrared absorptions due to the BeHZBe bridge.

Compound

a
(MeBeH.NMe3)2

a
(EtBeH.NMe3)2

-y b
(MeBeH.NMeZCH2 )n

b
Naz(MeABeZHZ)

b
Na2[(CD3)4Be2H2]

b
Naz[EthBeZHZ]

TABLE 18

v(BeHzBe)

1344 cm-1

1333

1331

1325, 1165
1333, 1164

1294, 1065

a - cyclohexane

b - Nujol mull

124,170
v(BeDZBe) vy/vp
-1
1016 cm 132
920,870 144, 133
951,835 1436, 128

solution
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(b) Observed infrared spectrum of Be[C(CD3)3]2

I.r. (Gas-phase)

-1
cm

2908
2894
2880
2225
2213
2202
2176
2102
2057
2025
1398
1319
1253
1219

1166
1121
1083

1069
1064

1018
866
806
680

490
459

450

I

wR
wQ
wP

m,shy °
s,sh}

w,sh’
s,sh
s

TABLE 19 (contd.)

Assignment

(CD3)BCH impurity

C-D stretching

oc
oC
(0]
vypley)

ga(azu)

ocC

CD3 antisymm. deform.

CD3 symm. deform.

¢D, rock (e )
u

3

CD., rock (e )
3 u

CD3 rock (a2u)

Impurity?
V12(eu)

'v6(a2u)

Analogous
frequency of

Be[C(CH, )1,

2830-2940

1266

~ 1180

1480
1474

1373
980
943

891

475

458



Raman
liquid

cm

806

Observed vibrational spectrum of Zn[C(CH

cm

2929
2915
2857
2817
2755
2725
2699
2629
2339
1464
1455
1385
1362
1263
1172
1096
~ 1022
1010
937
813

~ 7%
~ 552

I;r.

TABLE 20

liquid

mw

mw

mw
mw
mw

w,br,sh

w,sh

3

Assignment

C-H stretching

ocC
ocC
ocC
oc
oc
CH, antisymm.

3
deform

CH3 symm.
deform.
vll(eu)
vela, )

0C

0oC

CH, rock (eu)
CH, rock (eu)
CH, rock (aZﬁ)
CH3

0C

rock (alg)

0ocC

),]

2

Analogous

frequency of

303

Be[C(CH
2916
2868
2834
2762
2729
2701
2618

1466
1445
1387
1362
1259
~ 1200

~ 970
935
863
810

contd.

2



TABLE 20 (contd.)

Raman ‘
liquid I.r. liquid Analogous
1 1 frequency of
cm I cm I Assignment Be[C(’CH3)3]2
505 s vz(alg) 545
383 nw -vlz(eu) 475
308 s v6(a2u) 449
241 s V7(a2u),V13(eu) 354
212 s V3(alg) 212

Abbreviations: w = weak, m = medium, s = strong, sh = shoulder, br =

broad, v = very, p = polarised, dp = depolarised, OC = overtone or

combination band.



TABLE 21

Activity of skeletal fundamentals for various

Be[C(CH3)3]2 models

Model
"Staggered"  "Eclipsed" Bent
form form skelton
v observed
D3d D3h C2V spectrum
Fundamentals , 13+ 13* 19* 12
Raman-active 6 _ 10 19* 7
Polarised
Raman lines. 3 3 7 3
I.r.-active 7 7 16" 5
R.-I.r. coin-
0 4 16* 1?

cidences

*These numbers exclude torsional modes.



TABLE 22
Skeletal vibrations of M[CMe3]2 (effective point group D3d)

Symmetry species

Type of vibration: alg a4 a2g Gy eg e
CMe,, stretch (antisym.) Vg 127}
CMe,, stretch (sym.) vy Vs
MC2 stretch v2 Ve
CMe, deform. (antisym.) Vg Vo
CMe, deform (sym.) Vs v,

CMe3 rock V1o v13
MC2 bend : Vi
(CMe, torsion”) (V4')

Activity 'R, pol. I.r. R, depol. I.r.

*Absent for free rotation of the CMe, groups.




TABLE 23

Fundamental frequencies of M[CC3]2 skeleton of Be[C(CH3)3]2

Species

alg

2u

and Zn[C(CHB)

] a,b
3°2 .

Be[C(CH3)3]2

(en™)
1201
545
212
1180
458
354
1169
367
262
1266
475

(~260)

132

Zn[C(CH3)3]2
(eml)
(~1200)
" 505
212
1172
308
241
(~1200)
(~350)
(~250)
1263
383

241

(~100)

a . . .
Frequencies in parentheses were not directly observed.

b Gas-phase infrared frequencies are used where available.




Bond

Be-C

Zn-C

Zn-C

Cd-C

TABLE 24

M-C Stretching force constants for the dialkyls of

Group II elements

Force constant
k
M-C

(105 dynes cm—l)

~1+2
2439

~1°1
2°05

245

Compound Ref.
Be[C(CH3)3]2 122
Zn(CH3)2 14
Zn[C(CH3)3]2 122
Cd(CH3)2 16

Hg(CH3)2 14




10.
11.
12.
13,
14.
15.
16.
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