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SUMMARY _

The reactions of beryllum dialkyls and diphenylberyllium with
organo—tin hydrides have been investigated as preparative routeé to
alkyl and phenylberyllium hydrides.

The reaction between triethylstannane and dimethyl-beryllium in
ether solution gaﬁe methylberyllium hydride, which was characterised as
the known trimethylamine complex, (MeBeH.NME3)2. Similarly, diphenyl-
beryllium and triphenylstannane react to give phenylberyllium hydride,
but contamination of the product with tetraphenyltin prevent preparation
of any pure coordination complexes.

Ether-free diethylberyllium and triethylstannane feact, in 1:2
and 1:3 molar proportions, in hexane giving insoluble ethylberyllium
hydrides (with Be:H = 1.4 = 1.8), hydrogen, and hexaethyl di-tin.

The reactions of ethylberyllium hydride~trimethylamine with
dimethylaﬁine, N,N,N',N' - tetramethyl;o-phenylehediamine and diethylmercury
bavélbeen ihvestigated. Reaction with diethylmercury yields ethane,
diethylberyllium—tfimethylamine and mercury, which contrasts with reaction
of alane-trimethylamine alkylaluminium derivatives and mercury.

The coordination chemistry of diphenylberyllium has also been
investigated. Reactions with the biZdentate ligands N, N, N',N* -
tetrémethylethylenediamine, N,N,N',N' - tetramethyl-o—pheﬁylenediamine,

1, 2-dimethyoxyethane and 2,5-dithiahexane yield well defined crystalline
complexes, which are monomeric in benzene. The mono-defitate ligands,
diethyl and dimethyl ethers, dimethyl and diethyl sulphides, trimethylamine
and trimethylphosphine give 2:1 complexes. The formation of these complexes
demonstratés the greater acceptor strength of diphénylberyllium compared

fo dimethylberyllium, which forms either no complex at all or a very
unstable complex with these ligands. Several of the 2:1 complexes have

an appreciable dissociatioﬁ pressure of ligand at OOC; and consideration

of this and measurements of the heats of dissociation of these and other

2:1 complexes shows that'steric considerations are an important_factor

governing the stability of the complexes. .



Reactions of diphenylberyllium with some donor molecules containing
acidic hydrogen have been investigated. Diphenylamine yields a dimeric
product, (PhBeNPh )2, gimilar to the methylberyllium and methylzinc analogues.
Reaction with dimethylamine yields a trimeric product, (PhBeNME )31 which
is formulated as a six-membered ring, as is the methylberyllium derivative.

A dimeric product (PhBeNME c H4NME ) is formed by reaction with N,N,N' -
trimethylethylenediamine, and it is probably similar to the analogous
methylbefyllium and methylzinc derivatives. Phenylberyllium methoxide,
(PhBeOMe) formed by reaction with methanol, has been found to be tetrameric
and a cublc structure is proposed, similar to many tetrameric methylberyllium,
methylcadmium and methylzinc alkoxides that have been observed.

" Reaction of phenylberyllium chloride with sodium triethylboron
hydride yields a solution from which the trimethylamine and trimethylphosphine
adducts of phenylberyllium hydride have béen prepared.
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INTRODUCTION

The work described in this thesis can be divided into
two sections, (a) methods of preparation and reactions of
organo-beryllium hydrides, and (b) a study of the co-ordination
.chemistry,of diphenylberyllium. These topics overlap somewhat
in respect of experiments on the preparation of phenylberyllium
‘hydride complexes.

This introduction deals withvthe chemistry of compounds
relevant to these topics. Firstly, the premaration, properties
fand co-ordination chemistry of the beryllium dialkyls and
diphenylberyllium are reviewed. Preparative routes to and
reactions of organo-beryllium hydrides and beryllium hydride are
discussed, and finally the relevant chemistry of organic and
hydride derivatives of other Group II elements is described.

Compounds of beryllium are almost exclusively covalent
due to the small size and consequent high polarising power of
the . dipositive cation Be2+. The atomic radius of beryllium
is 0.89 % and the calculated ionic. radius of Be2+ is 0.34 5.

The first and second ionisation potentials are 215 and 420
kcal./g.atom. réspectively. Such high values would suggest that
free divalent ions of beryllium are unlikely to exist in its
¢ompounds. Thus beryllium fluoride, which would be expected to
be the most ionic compound of beryllium, is a poor conductor of
electricity in the fused state 1. and readily forms a glass.

Beryllium forms compounds with covalencies of two, three
or four for the metal atom. The co-ordination number of two
arigses from the use of sp hybrid orbitals by the beryllium atom
to give a linear molecule, as is found in beryllium chloride at
high temperature when it exists as a monomer 2. and, probably,
in monomeric di-tertiarybutylberyllium 3 Dimethylberyllium-
trimethylamine4énd difiggpropylberylliqutrimethylamine 5- are

W URIVE
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examples of the unusual co-ordlnatlon number of three, in which
the beryllium atom must make use of sp hybrid orbitals.
However, beryllium has a very stirong tendency to form four
covalent compounds using sp3 orbitals to give tetrahedral’
bonding around the beryllium atom. Studies on the'viscosities,
conductivities and freezing-points of solutions of beryllium
salts6 show the beryllium ion to be. more strongly hydrated than
any other divalentcation, and beryllium salts commonly crystallise
from aqueous solution with four molecules of water of crystallisation
per.beryllium atom. The equivalent ionic conductances at 25°C of
Group II A dipositivecations in water are:

Be Mg Ca  Sr Ba Ra 5 .

30 55.5 59.8 59.8 64.2 67 ohm. cm. equiv.

The phthalocyanine complex of beryllium is exceptional,
it having a square-planar configuration due to the shape of the
phthalocyanine molecule? .
‘ There are no known compounds in which beryllium has a
co-ordination number greater than fouf, since the atomic orbitals
of principal quantum number three are of too high an energy to
participate in bond formation and hybrid orbitals involving
d-orbitals cannot-be expected. However, it is possible that
five or six coordinate beryllium compounds may be prepared since
coordination numbers in excess of four are found both for boron
(e.g. B5H§)-and carbon (e.g. MezBe and the MeLi tetramer). In |
such cases multicentre bonds still require the use of only 2s and

2p atomic orbitals.

Organo—Berylllum Compounds
' Dialkyls and diaryls of beryllium can be prepared in small

Quantities by reaction of beryllium metal and mercury dialkyls

and diaryls at elevated temperatures, with small quantities of

-17

For iarger scale preparations

17,18,19 or

mercuric chloride used as catalyst8
the reactions of beryllium chloride and a Grignard

lithium reagent 18 in ether dre usually preferred, though complete
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geparation of the beryllium compound from ether is often difficult:
BeCl2 + 2RMgX-————+R2Be + ngz + Mg012

BeCl, + 2RL —— R,Be + 2LiGl

2

The action of free methyl or ethyl radicals on metallic
berylliumzo' and thermal decomposition of alkylberyllium halides
lead t o the formation of dialkylberyllium compounds. The reaction

of beryllium metal with alkyl halides, at elevated temperatures,
9,21.

9.

has been used to prepare some organo~beryllium halides.

Alkylberyllium compounds react with ethylene in a step-
wise manner, similar to aluminium and lithium alkyls, and have
been used to polymerise qther alkenes and for preparation of
intermediates:

Et,Be + MePr'C = CH, — MeEtPr’C. CH BeEt

22.




Dimethylberyllium

On a small scale dimethylberyllium is most conveniently

prepared by reaction of dimethylmercury with excess beryllium

powder 12,13,15,16,17.

The product can be sublimed from excess
beryllium under high vacuum, and trace quantities of mercury
can be removed with gold foil 15.

For larger scale preparations the reactions of beryllium
chloride with Grignard of lithium reagents in ether are preferred.
‘Hewever, the isolation of a pure product presents some difficulties.
Se?aration from dissolved salts by "ether ldistillation" at
atmospheric pressure 14,23,24 is possible, but complete separation.
. from ether is very difficult. It has been suggested 25. that use
of dimethyl sulphide as a solvent could facilitate isolation of

“solvent-free“ dimethylberyllium, as dimethylsulphide does not
coordinate to dlmethylberylllum,4 but no experimental examination
of this method has been published openly.

Dimethylberyllium forms colourless needles when condensed
from the vapour ghase, but has not been observed to melt., The
vapour pressure of the solid 26. is given by the equations:

100=150°C s log, P( mm) 12.530 - 4771/T
155-180°C log, , P(mm) 13.292 - 5100/T

The extrapolated sublimation temperature is 21?%,

and latent heat of sublimation is 23.5 Kcal. /mole of monomer.

290

Independant observations give a slightly different

“ vapour pressure equation and sublimation temperéture of 220°C.

27.

X-Ray diffraction analysis reveals a long chain
polymeric structure, the interchain distances excluding an ionic

structure (

In the above formula dotted lines represent half-bonds.
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Both beryllium and carbon atoms makeé use of four tetrahedral
sp3 atomic orbitals-and it is probable that three-centre molecular
orbitaIS'Be(sp3) + C(sp3) + Bg(sp3) are formed from these. Each
molecular orbital would hold two electrons, giving a "bentbond",
Be—C;Be. Alternatively each Be-C bond may be regarded as a half-
bond. The Be-C-Be angle (66°) is small, but good overlap between
tetrahedral atomic orbitals is possible. The C-Be-C angle (1140)
is strained only slightly from the tetrahedral (109.5°) A1l Be~C
distances are equal (1.92 ) ) and larger than the calculated value
1;738 for a single bond, supporting half;bond formulation. .The
bond order (n) calculated from the Pauling equation:28

o d=2d - 0.6 loglon.
is 0.48, or 0.5. within error of computing d; = 1.73K.

Vapour density measurements between 160° and 20000, and
a study of the pressure dependance of the vapour density show:. that
the vapour consists of monomery. dimer aﬁd trimer molecules, together
‘with higher polymeré which are impértant only at near-saturation

conditions. Structures have been proposed 26. for the first three:

| |
: monomer :  Me—Be—Me
' i , Lo ) . »Me\.

“ dimer : Me—Be,  Be—Me

; R - ' ‘Me’_ ) 0
Coo T o ﬁ4a,'_.pﬂeg; : t
) trl'mer -..' _ '.Me—B_?: | 'Be;f ,./Be-\_:.Me_ |

. - ) B ) - . ‘Me"' : Me' ‘ ‘ :
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Thermal decomposition of dimethylberyllium‘29'

starts at
200°C with formation of Be(Gﬁz)n as an intermediate product.
The end4product at 220—23000 is beryllium carbide:

220°
+ Be(CHz)n—) n Be20 + nCH

2 > 4

' 202°
Be —— nCH
n(CH3)2 e nCH,

Reaction of dimethylberyllium with diborane at elevated
temperatures takes place in several stages 8. An intermediate
préduct (MeBéBH4)n can be detected, but the main products are
trimethylborane and beryllium borohydride Be32H8 together with
an involatile solid, which is probably (BeBHB)n

Oxidation of dimethylberyllium by oxygen has been studied
30.

under varying conditions. -Thé end-product was always beryllium
methoxide (Mé@)é Be, but containing varying amounts, 2.6 - 6.9%,
peroxidic oxygen according to the method of preparation.

By electrolysis'of an ethereal mixture of dimethylberyllium
and beryllium chloride, beryllium metal .can be deposited from
solution 23

Dimethylberyllium reacts with donor molecules and thus
rélieves its electron'deficiency. However, only relatively strong
donor molecules will coordinate, since the heat of coordination
must exceed the heat of polymerisatia or the polymeric structure
is not broken down. Thus, it forms coordination compounds with
trimethylamine, trimethylphosphine, dimethyl and diethyl ethers,
but _not with trimethylarsine or dimethyl sulphide. The properties
of these compounds indicate that the order of heat of coordination
is N>P) 0 )As, 5.4 The same order is found with
trimethylaluminium’sid trimethylgallium, 2

is of the type that forms simple'coordination links free from

when the acceptor atom

complications due to double bonding or any similar influence of

d-orbitals, often found in transition metal compounds.
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Dimethylberyllium forms a 1l:1 compouhd-(MezBee—-NMe ) with
trimethylamine. This melts at 36°C and is stable up to 180 C.
Vapour density measurements show it to be monomeric in the gas phase,4'
although cryoscopic measurements in benzene solution show it to be
slightly associated. 33+ An unstable compound (MezBe)2,(NMe3)3,
dissociating about 10°¢ is ‘described, 4: but this has since been
JBe. (Mte,), 3

Whereas trimethylamine coordinates so strongly to dimethyl-

shown to-be 2:1 complex, Me

| beryllium that is able to break down the polymeric structure, with-
out difficulty, and form weli—defined complexes, this is not true
of trimethyiphosphiné. Complex equiliﬁria.result due to the
g€imilarity between the affinifies of dimethylberyllium for
trimethylphosphine and each other. A considerable range of
compounds (Me3P)x (MezBe)y,_when x = 2,3,1,2,2,2 and y =
1,2,1,3,4,5 respectively are formed, 4 each one being stable in

a certain pressure of trimethylphospine and temperature. All the
trimethylphospﬁine can be removed in vacuo at room}temperature.
The suggested explanation is the successive formation of compounds
of increasing chain length, with trlmethylphosphlne acting as a
chain-ending group.

t

~Me | PMe. | Me t Me, - 'PMe3
\ / 3 . : \\“/f L b .

] v-Aﬂ,“.‘ .;
me” RPMe3 MeP _HMe..A Me

A.__ A' - U

34+ 4o the stoichiometry of the

The recent correction
unstable dlmethylberyll1um-tr1methylam1ne complex from 2:3 to 1:2 has

accounted for a hltherto unexplalned anomaly._




A With dimethylether, the compounds Me,Be< Olfe,, (MeZBez)'
(0M92)3’.(M92Be)3 (OM92)2 and (MezBe) Olle, have been observed,
but all are less stable than.the phosphine complexes. Dhsére . is
no indication of a compoﬁnd of any definite composition being
formed with diethylether +° ‘

Colourless crystalline needles, m.p. 91-92°C, of
dimefhyldipyridine—beryllium have been isolated from the reaction
of pyridine with etheredl dimethylberyllium >2°
Dimethylberyllium reacts with bidentate ligands to form

very stable 1:1 chelate complexes ‘of the type:

Me

| 'friixék{j"f]A
S o

Me.

Thus, N,N,N',N' - %stramethylethylenediamine,.N,N,N',N' = tetramethyl - o -
phenylene~diamine and 1,2,&'dimethoxyethane form well-defined complexes,
bov: of which are claimed to sﬁblime unchanged invacue, 35 but more

36

recent work has shown the diéther complex dissociates whilst
subliming 55—6000 (0.00lmm), The former amine complex is about ten
per cent associated, whilst the latter complexes are monomeric.
Donor molecules containing reactive hydrogen atoms, e.g.
alcohols, primary and secondary‘amines, also coordinate to
.dimethylberyllium, but there is a tendency to eliminate methane
and form di;, tri- or bolymeric products.
Dimethylamine forms an adduct, MezBeé—-NHMez’ which melts
at 4490 with elimination of methane, leaving a white trimeric

cbmpognd (MeBe.NMe2)337' This compound was originally described as



white crystals, m.p. 55-56°c. However, since dimethylaminodimethyla-
luminiumgallium and -indium have recently been found to be crystalline
at room temperature and to undérgo a transition to a glassy phase

1n the range 50—80 c, the transitions being attributed to a polymeri-
satlon process, 39. and since various dimethyl- and diethylphosphino
and arsino-dimethyl derivatives of the same metals (e.g. MezGaPMez)
have been found to be glassy in the condensed state at room tempera-
ture, 40- the aminoberyllium derivative has been re-examined. "
Though (MeBE.NMQZ)3 may be sublimed at 50—8000 under reduced
pressure, giving an apparently solid condensate, the latter is
isotropic when examined in polarised light,and X-ray diffraction
gives'ho lines. It is therefore amorphous, and,.like some of the

4, 39,40.

other compounds examined, appears to be a liquid of high
viscosity, p;obably consisting of polymers and oligomers, (MeBeNMgz)n
When heated in a sealed capillary tube it softens and turns
reversibly into a clearly recognlsable llquld over the range 51- 54 c.
Correspondlng changes ofcurred at 90—53 c forr MeBeN(CDg %]

48-54°C gor (CD,Be. NM32)341'

MeBeNMe2 31 showed it to be trimeric both in °  benzene and as
b

vapour, and a cyclic structurell was assigned:

The original examination of

Me !

S
i AMe / |\NMe
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Such a structure would involve three;coofdinate beryllium
and four-coordinate nitrogen, and would not be planar. The

41.

observed proton magnetic resonance spectpum shows single
resonances for both nitrogeﬁ_and beryllium methyl protons, which
do not change on cooling to-90°C. This is consistent with rapid
interchange between possible conformations of the ring, remaining
rapid even at thé low temperature.

The secondary amines, diethylamine, di-n-propylamine and
diphenylamine also react with dimethylberyllium with elimination

of methane.38' Diethylamine gives a trimeric product (MeBeNEt2)3

gimilar to methyl (dimethylamino).beryllium. However, di-n-propy-
lamine and diphenylamine give dimeric products, (MeBeNPr% )2 and
(MeBeNPh2)2. The drop in degree of association from trimer to
dimer is attributed to steric influences as the group bound
to nitrogen becomes bulkier, since it has been shown by experiments
with molecular models show there is less interferende between
alkyl groups in a dimeric structure than in a trimeric structure.
Di-iggrpropylamihe 33. and dimethylberyllium foma stable
monomeric adduct MeZBeé-NHPré£ y which eliminates methane at
100°C in the presence of excess amine. However, elimination of
methane iwas not quantitative, even after refluxing with excess

amine for several days; this is probably due to steric hindrance by

the isopropyl groups.

The reaction of dimethylberyllium with piperidine and
morpholine 42. gave 1:1 adducts MezBe F-NHCSHIO and MezBei—'NHC4H80
respectively. In the presence of excess secondary amine at 40°c.
elimination of methans: was guantifative'after 2#25 hours, with
formation of bis-N,N' - piperidylberyllium and bis-N,N' -
morpholylberyllium. No information about the molecular complexity

of the 1:1 adducts or the bis-derivatives is available.
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N,N,N' -~ Trimethylethylenediamine 35- reacts with
- dimethylberyllium at room temperature eliminating one mole of

methane and forming a dimerioc product 111, which melts at 116-118°¢C.

Me2
CH —N Me .
l \Be/ Me :
. 3 .
CHy—N{ NT—CH,
| “N—CH,
Me, .

Similarly one mole of methane is liberated from a mixture
of dimethylberyllium and N,N' - dimethylethylenediamine at low
33.

temperature. This product, probably has a structure IV similar
~to III, sublimes at 90°c and loses about eighty per cent of the
methyl bound to beryliium as methane at 145°C. When IV is heated
in tetralin at 15b°C elimination of methane is quantitative,

giving an insolublé polymeric product, probably having the structure

V.

: cikkg-_-h‘\\. // B  :I: F:Pt?_-¢g<;:;3’)i“q
| /. \\Me R > QRMe'-
CH—N N—C H;-N -~ SN=C
HE hd;P\E&e’// |'12 hﬂé?sEu;/KJQ" ,kk
M '/, \\\fQ"'(:FI | ”,r ‘|<\hb-c”12
€ Me H NP
= A

33.

Reaction of unsymmetrical N,N-dimethylethylenediamine

with dimethylberyllium involves elimination of one mole of methane
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giving a product of structure similar to IV. When heated to
17006 the‘compound evolves methane, and, on cooling, a hard glass,
ev1dently polymeric, is produced.

Ethylenediamine and dimethylberyllium 33' react at room
temperature with elimination of about eighty per cent of the
methyl as methané. The white, amorphous, polymeric product loses
further methane at 45°C, but about six per cent of the methyl groups
bound to beryllium are retained.

Methylamine and dimethylberyllium react with elimination of
methane, but the other product has not been characterised. 31
Similary, ammonia 43 liberates methane from dimethylberyllium at
0~20°C. Even at 50°C quantitative elimination of methane was not
observed.  The pqumeric products, .of the t&pe R4[Be-NH-Bé]n - NH2
were not characterised further. At low temperatures (-80°C)

a 1:1 adduct MeZBe(-~NH3 was observed but not isolated.
When dlmethylberylllum is added to- exczzs hydrogen cyanide

in bengene, beryllium cyanide is precipitated It will not react
with.trimethylamine or other donor molecules and is without doubt a
cross-linked polymer. However, when equimolar quantities of
dimethylberyllium and hydrogen cyanide are mizxed, ether;solunble
methylberyllium cyanide is formed with elimination of methane.45'
Separation of ether from methylberyllium cyanide can be achieved by
pumgng at 70°C, but the residue will not redissolve or react with
trimethylamine and is obviously polymeric. The coordination complex
of trimethylamine énd methylberyllium cyanide was isolated from the
‘reattion of dimethylberyllium-trimethylamine and hydrogen cyanide.
It is.an involatile amorphous solid and prébably has a polymeric

gtructure (fig. VI).



1

NMe,  Me.
S J, 3 . '
at Me—.—Befc-—_=N—>E?e<-_NMe3
[ U

N

X

T

31 react with dimethylberyllium

. Methanol and methanethiol
with immediate evolution of methane. The product from reaction
with methanethiol has not been characterised, but methanol gives
methylberyllium methoxide (MeBeOMe)n. It disproportionates at
4 120°C, presumably giving dimethylberyllium and bi;yllium

methoxide Be (OME)Z. Ebullibscopic measurements in benzene
showed methylberyllium methoxide to be dimeric for which structure

VII was proposed.

However, recent crgscopic measurements show it to be tetrameric,
as are methylberyllium isopropoxide and Tert-butoxide prepared by

reaction of dimethylberyllium with iso-propernol and tert-butand

38.

respectively. .The structure of these tetrameric alkoxides is

99

probably similar to the cube-like structure of methylzinc methoxide,

46.

figure IX and proposed for other tetrameric alkylzinc alkoxides




The reaction of dimethylberyllium with phend’ and substituted
phenols has been studied. 47' The first mole of methane is liberated
below 4800 and in the presence of excess phenol the second mole of
methane isliberated at about —3000 with precipitation of bis-phenoxy
derivatives. No further characterisation of the bis-compounds is
reported. ‘

An unusual alkoxy derivative has been prepared by reaction
of ethereal dimethylberyllium and benzhydrol 36. The product
(MeBeOCHEPQ;-'OEté) is monomeric in benzene.

It is probable that the ether molecule, which can be
’ displaced by stronger donors, such as tetrahydrofuran, is held to
relieve the coordinative unsaturation of the beryllium atom. The
expected association to give a tetramériés structure is probably
preventdby steric interaction between groups on the & carbon atom.

The infrared and Raman spectra 29. of solid dimethylberyllium
have shown that the polymer has D2h symmetry with six vibrations
active_in the infrared and six in the Raman spectrum. There was no-
absorption in the region 1400-1500 cmflwhere most compounds containing
methyl groups absorb stronglydue to methyl asymmetric deformations
(8asym CH3). However, two very intense absorptions at 1243 and
1255 cﬁlhave been identified as being due to deformation of the
bridging methyl groups, and another absorption at 835 cm_las

due to a rocking mode.
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cm—1-
Absorptions at 535 and 567 were assigned as beryllium—

41.

carbon stretching vibrations. By comparison of the spectra

- of trimethylamine and N,N,N',N' - tetramethylefhylenediamine comﬁexes

of (cn3)2 Be and (CD3)2 Be absorptions due to beryllium-methyl

symmetric deformations (Ssy Be-CH ) have been identified in the

range 1186~ 1206 cm 1Berylhum—-methyl stretching vibrations could

not be clearly identified but appeared to be in the range

700-900 cm.”* |
It is pointed out

. =1
(& Be-CH.) in the region 1186-1206mis supported by reference
sym 3 : 48

4le ihat the assignment of

to the trimethylaluminium dimer, in which absorption. due to

terminal Al—CH3 symme-tric deformation %ilat 1206 cm;_%nd that
due to bridging methyl being at 1255 cm. Thus, in compounds
containing terminal methyl groups, such as dimethylberyllium-
tetramethylethylenediamine, symmetric methyl deformations would
be expected to lie some 50 cm. %elow values obtained for bridging
methyls, and these have been observed.

The proton magnetic resonance spectra of several
dimethylberyllium complexes have been studied, 4l 2nd the
chemical shifts of the methylberyllium protons, when the donor is
trimethylamine, ether and N,N,N',N‘— tetramethylethylenediamine,
have beén compared with similar values obtained for compounds with
methyl groups bound to other elec+ropos1t1ve elements.

Dlethylberylllum

‘Although diethylberyllium cannot be prepared by reactlon of
14,17.

diethylmercury and beryllium metal, it is conveniently

prepared from the reaction of ethylmagnesium bromide and beryllium
chloride in ether. 14,19. Difficulty is encountered in separation

of the product‘from ether, but prolonged pumping and subsequent

vacuum distillation gives a colourless liquid boiling at 6300/0.3 MeMe,
19.

which contains about two per cent ether. A more recent method

of preparation involves treatment of beryllium chloride with

triethylaluminium at 100°C. After one hour an electron—donor complexing




agent for the aluminium- compound is added, and dlethylberylllum
separated by distillation. 49+

The vapour:pressure of diethylberyllium is given approxi-
mately by theEqdationz logloP (mm) = 7.59 - 220/T. Whence :the -
.extrapolated boiling point is 194 C.

Molecular weight measurements show diethylberyllium to
be monomeric indioxan, but associated in cyclohexane and benzene,
“the values being time-dependant in the last two solvents (166 and
>14O respectivél& after the solution had stood for two days, 212
and - 224 respectively after 240 days)so' éﬁese results could well
be the subject of further experiments. .

The apparent dipole moment in séveral golvents has been -
measured, it being l;OaD in heptone, 1+69 D in benzene and 4.3 D
in dioxan. 299%* Tt should be noted that diethylberyllium is
associatedrin heptane and benzene, but monomeric in dioxan.

At temperatures above 8000 diethylberyllium undergoes a
complicated decomposition, which is rapid at 190420000. Ethane,
ethylene aﬁd butene are the main volatile products, with small
amounts of benzene, 1,3~ -cyc}ohexadiene and_3- hexene. The
residue is an 0il, which can be ‘distilled at IOOOC/ 0.1<0¢2 m.m.
and analyses approximately toL(H—Be-CH )é] and a crystalline

- solid [ﬁe(CH ) ] 19.

The study of the coordination chemistry of diethylberyllium
has not been as extensive as fhat of dimethylberyllium.

A volatile liquid 1:1 adduct, 53+ Stable hp to 50°C, with
trimethylamihe EtZBeEF NMe3 has been prepared, which reacts with
excess trimethylamine at low temperatures. A 2:1 adduct
EfziBe.(NMé3)2 is formed at —65°C, at which temperature it is stable.

However, the second molecule of trimethylamine is lost at
temperatures above —3500. - At =33°C and -16°C the déisociation

pressures are l.l m.m. and 11.0 m.m. respectively. An orange

c;ystalline adduct EtzBepy2 ig formed by reaction of diethylberyllium

with pyridine. 35+
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Reaction of diethylberyllium with diethylamine and dipheny-
lgmine, in 1:1 molar quantities, gives dimeric products (EtBeNEt2)2

38.
and (EtBeNPh2)2

methylberyllium derivatives it seems likely steric considerations

rgspectivelyﬂ. When compared with the analogous
are governing the molecular complexity of these derivatives. The
dimethylamino- and diethyiamino— derivatives (MeBeNMe ) and
(MeBeNET2)3 are trimeric; 3. whereas the dl—n-propylamlno- and
diphenylamino-'derivatives are dimeric. The drop in molecular
complexity is expiaimed by steric interference introduced as
the alkyl groups bound to nitrogen beéomes larger, similarly
the steric interferencé introduced by changing the alkyl group
boﬁnd to Beryllium from methyl to éthyl must account for the
" ethylberyllium derivatives.being dimeric. ‘ .

The reaction of dieth&lberyllium_and its trimethylamine
adduct with several methyl hydrazines has been investigated.54'
In general, quantitiative liberation of ethane was not observed
and polymerie méterials were formed. However, a 1:1 adduct
.(EtZBe( MEHNNME ) was formed from trimethylhydrazine and a 1: 2
. adduct[:ME NNME (BeEt )_] from tetramethylhydrazine was isolated.
It was found that the extent of replacement of ethyl by hydrazine
was governed bj steric'conéiderations.

Methanol, isopropanol and hydroven chloride-all react
explosively with diethylberyllium at room temperature. ;9

Addition of diéthylberyllium to excess diphenylamine in
benzéne resulted in quantitative elimination of ethane and precipitation
of'polymeric material EBe(NPhZ)é]n55'

Several other compounds obtained by displacement of both

‘alkyl groups from diethylberyilium by piperidine, morpholiﬁe 42-

47,

and various substituted phenols are described, but nothing was
reported concerning the molecular complexity of these compounds.

" Unlike dimethylberyllium, which loses only one mole of methane when
| heated with excess N,N,N' - trimethylethylenediamine at 60°c, 3°°

the @imeric, strucfure remains essentially intact, diethylberyllium
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56.

reacts with excess N,N,N' - trimethylethylenediamine in refluxing
benzene. Elimination of ethane is complete after about three days
‘reaction. The product, bis- 2-dimethylaminoethyl( methylamino-

beryllium (MeQN.CHZCHZNME)zBe is volatile and sublimes 40—4500/0.001 m.1m.
Though ekXpected to have a spiro-structure X, the infrared spectrum

of the crystalline material (as an&jol_mull) differs greatly from

that of its solution in cyclohexane.

It has Been suggested that steric interférence between
methylamino gréups could lead to.some _of the dimethylamino becoming
detached when the compound is in sdlﬁtibnv whereas in the crystalline
state a single structure would be adopted. Detachment of dimethylamino
groupé would leave the central beryllium atom three-coordinate, examplés.
of which have been established.4' The compound reacted rapidly at
room temperature with'methyl iodide forming a di-methiodide
[Be(NME}CH CH NME I).] < which is formulated as a coordination of
polymer with brldglng nltrogen atoms. The reactlons of 2—methoxyethanol,
2-d1methy1am1noethanol and 2—d1methylamlnoethanethlol with dlethylberylllum
have also been 1nvexs1:1gza.1:ed.g6

Bis—( 2—d1methylam1noethylth10}berylllum, (ME NCHZCHZS) Be,

‘was formed by reaction of ezcess 2-dimethylaminoethanethiol with

diefhylberyllium. The reaction was complete in one hour in boiling
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benzene and the product crystallised from benzene as éolourless
needles and finally sublimed 120-130°C/0.001 m.m. It was found to
be slightly associated in benzene (N = 1.1-1.3 in 0.09 -0.2 weight
% solutions) but probably has the ctielate structure XI:

.l TH"‘S\ e _THZ f
I 1
f CH— S—;C |
5 i"*‘z T

Xi

Since the space occupied by a sulphur atom is less than that
required by a mefhylamino group, there would be less tendency for
the dimethylamino groups to dissoCiate and leave_three coordinate
beryllium. Thus no dissimilarity is observed between the infrared
spectra of a:pnujoel mﬁll and a cyclohexane solution of the cbmpound.

The pfdduct from dimethylberyllium and 2-dimethylaminoethanol,
bis-(2—d1methylam1noethoxy)beryllium (ME o NCH,CH 20) Be, was found '
to be crystalline and oligomeric in bengzene (n = 8-11 in 1-2 weight
% solutlons).

In confrast,.tﬁe products of reactions between diethylberyllium
and 2-methoxyethanol can be regarded as: polymers. An unusual feature
.of the reaction was that the product, bis—(2;methoxyethoxy)beryllium,

" differed in physical appearance according to the reaction conditions.
In dieth&l ether at -7800 a relativeiy dense material was fdrmed,
whereas in benzene at room temperature the broduct.was a light pordus,
and rubbery mass. Both produbts were insolucble in all solvents with
which they did not react, suggesting a highly polymeric structure, and

they were amorphous (absence of lines in their X-ray powder diagraue.)
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Magnesium isopropoxide, 51- prepared from grbutylmaghesium isopropoxide
and propan~-2-ol, is apparently similar to the light, rubbery product
isolated from reaction éﬁ,roombtemperature, but, unlike the beryllium
compound, loses its rubbery charater when stored under dry nitrogen
at>room temperature.
 The extensive association of the above alkoxy-derivatives

is to be contrasted with the monomeric amino~ and thio- complexes.
The donor strengﬁlof oxygen bond to an electropositive element is
considerably greater than that of ether oxygen, as shown by the fact
that the aluminium compound (ETzAIOCHZCHZOEt)2 is dimeric, éontaining
‘uncomplexed ether—~oxygen atoms. 58. In alkdxyberyllum compounds,
association is likely to be propagated by means of the alkoxy-oxygen
atoms, aﬁd the ether-oxygen is unlikely to comﬁete successfully for
~coordination poéitions about the metal though the more basic dimethylamino
groups- in (MEZNCHZCHZO)zBe may do so. _

From reaction of diethylberyllium and excess dimethylamine
at 25°C the product bis~(dimethylamino)beryllium, [Be(MME,).], can be
isolated,A The same compound  hasg been prepared’S' by reaction of

59.

di~isopropylberyllium and excess dimethylamihe'at-just above room
temperature.. The compound is trimeric in both benzene solution and

in vapour phase, and was originally essigned the cyclic éfructure X1I.
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However, more recent investigations 59- do not agree with
this. Differential therﬁzal analyses indicate several differend:
forms of bis-(dimethylamino) beryllium, and these observations
together with proton magneticresendnce spectral data indicate a

‘bridged trimeric structure XIII.

It is suggested that the other forms of [ée(NMEz);Es may
have difference configurations of the trimer, e.g. cis/transforms
of the terminal dimethylamino— groups.

An interesting series of ether-free salts of diethylberyllium
of the type MX(BeEtZ)n, where M represents an alkali mezglglx6;epresents
halide or cyanide and n = 1,2 or 4, have been prepared. ’ ~’ ~°

Potassium fluoride dissolves in ethereal diethylberyllium
" at 65°C over three hours and the crystalline compound decomposes
and efher—free diethylberyllium can be distilled from the compound.
This reaction can be used as a method to prepare ether-free
diethylberyllium, as can the decomposition of KF)(BeEtz)2 in bgnzene
at TOOC when the insoluble material (KFBeEtZ).and pure ether-free
diethylberyllium, (Solubléa inAbenzene), are formed. Rubidium and
caesium fluorides also form similar compounds but sodium cyanide,
sodium fluoride, lithium fluoride, caesium chloride and potassium
qh%oride dther do not appear to react, or,. no pure compound could

be isolated from the reaction mixture. Tetra-ethylammonium chloride




3

- 22 -

forms a viscous liquid product at room temperature of the type Et4Mﬁ

(BeEt2)2
loses pure diethylberyllium at 110—150 C invacuo.

D1—1sogropylbery111um5

Di-isopropylberyllium has been prepared by reaction of

and potassium cyanide forms a.compound KCN (BeEt ) which

isopropyl: magnesium chloride and beryllium chloride in ether.

An ether-free product can be obtained by refluxing with continuous
pumping for several days. The ether-free product, a colourlesg and
slightly‘viscous liduid, freezes at -9.5°C and 0.53 m.m. at 40 C),
and extrapolated boiling point (28000) are consistent with a dimeric
structure. | '

When heated at‘50°C di-isopropylberyllium decomposes slowly
with the.evolution of propene, which becomes rapid at 200°C, The
non-volatile, viscous product is isopropylberyllium hydride (P%BeH)n.

Thermal decomposition of this compdund at 220—25000 gives

prqpane, propene, hydrogen, beryllium and an orange residue of

. unknown composition. Isopropylberyllum hydride reacts with

dimethylamine at room temperature libérafing propane and hydrogen

in the ratio 2.5:1, the product pﬁobably being some kind of dimethy-

laminoberyllium hydridé, but it was not investigated.

Trimethylamine and di-isopropylberyllium react to form a liquid

1:1 adduct (Pr2
is thus an example of 3— coordinate beryllium. At 200 °c di-isopropy-

Beé—NME ), which is monomeric in benzene solution and

beryllium-trimethylamine loses one mole of propene with the formatlon
of 1sopropylbery111um hydrlde—trlmethjlamlne (Pr BeH € 1ME ) It is
formed as feathery needle-like crystals which have not yet been further
investigated. . ‘

‘The reaction of methanol of di-isopropylberyllium yields
isopropylberyllium methoxide (PriBeOME)4, with elimination of one
mole of propane.

One mole 6f dimethylamine and di-isopropylberyllium react

with the elimination of propane and formation of the liquid
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dlmethylamlnqiggpropylberylllum ( Pr BeNME ) which evolves propene
at 100 C leaving a glassy residue. of dimethylgmlnoberylllum hydride
(MEzNBeH)n. This compound has not been further 1nvest1ga£ed.

Two moles of dimethylamine and di-isopropylberyllium react
at just above room temperature with quantitative elimination of
propane and formation of bls-(dlmethylamlno)berylllum [Be(NME )é]3
~ which is identical to the product obtained by reaction of excess
dimethylamine and diethylberyllium, 2o *

Dl—tertiary—butylberyllium. €3.

Di-tertiary-butylberyllium has been prepared by reéction of
tert-butylmagnesium chloride and beryllium chloride in ethef. Distil-
lation of the product, after removing as much ether as possible by
pumping, yields a‘slightly viscous liquid boiling at about 6Ch65°C
(0.1 m.m), which has the approximate composition (BuZBeé-OEtz).
Refluxing with continuous pumping yields a product containing about
37 mole % ether. However, ether—free di—tert-butylberyllium can be
prepared3°.by treatment of the ether-containing product with beryllium
chloride and subsequent “distillation of the di-tert-butylberyllium.
The pure, ether-free product is more_volatile than the ether complex;
it freezes af —16OC, has a vapour'pressure of 35 m.m. at 25°C and
is monomeric.in behzene solution, in which case it is only the second
known compound to contain beryllium in the two-coordinate state,
the other being [(ME Si) N:] Be which is also monomeric. 00°

Both the ether complex and ether—free product decompose slowly
at room temperature with the evolution of isobutene.

Pyrolysis of_ethefeal di-tert-butylberyllium at lSOOC gaye
iggbuféﬁe and a product corresponding to“89 mole % Befyllium hydride,
and pyrolysis at 200°C gave a product corresponding to 96.3 mole %
beryllium hydride,'theirest being tert-butyl groups. 63. The latter
prodﬁct.is decomposed at 300°C, and was incompletely hydrolysed by

water at room temperature.
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3'at 200°C a

When ether-free di-tert-butylberyllium was pyrolysed
product corresponding to 97 mole % beryllium hydride was formed, it
had a demgity 0.51 g./ cc. and an X-ray powder photograph contained
no lines attributable to a crystalline structure. A

Di-tert-butylberyllium reacts with trimethylamine ©03° but the
product has not been characterised and no other coordination compounds
have been described.

Diphenylberyllium

Diphenylberyllium can be prepared by reaction of diphenylmercury
and beryllium at 210-220°C for two hours, 64,51,14.
by heating the same two reagents in dry. xylene in a sealed tube at 150 C
10. It melts with decomposition at 244-248°C and

and more conveniently

for several days.

its dipole moment is 1.64D. in benzene, 4.33D in dioxan and zero in

51, 52.

heptane. . -
' The crystalline product, me.De. 28-3200, obtained from an ethereal
solution of diphenylberyllium'is.claimed 65. to be thedietherate thBe
(0Et2)2. It is said not to lose ether until heated in vacws at 130°C.

A complex salt Li(BePh ) 10.

of dlphenylberylllum and phenyl—llthlum in ether, followed by recrystal-

has been isolated from the reaction

lisation; from xylene. Crystallisation from dioxan yields a product

Li(BePh ) (dioxan)4 containing four molecules of solvent. The diphenyl

10
derlvatlves of magnesium, cadmium and zinc form s1mllar compounds. )

It has been shown by Dessey that there is no exchange between

dlphenylberylllum and berylllum bromide (with a Be7 'tag' ) ih ether
solution and it is suggested that the complex formed may be formulated
at Ph Be.Be.Br

27" 2. ]
bromide, which is now known to exist as a monomer PhMgBr.(OEt2)2 by
. . b

Similar claims were made in respect of phenylmagnesium

X-ray diffraction, 67'and there is now considerable doubt about the
" results obtained by isot:-opic exchange for both beryllium and magnesium

compounds, .
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35.

An unusual series of coloured bipyridyl complexes of the

Bipyridyl complexes

organo and halide compounds of beryllium of the type, XzBebipy; has
been prepared. These compounds, their colours, their long wave-length
absorption bonds (;;ax)’ and molar extin®tion coefficients are

tabulated below:

X in X2Be.bipy Colour )\max.(m/u) hﬁgigiz?:rilzft)i(;g_3
Cl. White 352 infl. 1.2
Br. Pale cream 364 2.4
I. Yellow 368 7.0
Ph. Yellow 353 infl. 0.5
Me. Yellow 395 2.7
Et. Red 461 3.7

Reaction of bipyridyl and difiggpropylberyllium,‘iggpropyl-'
beryllium hydride, and di-n-butylberyllium gave coloured products
which decomposed répidly to brown tars.

The increase in molar extinction coefficient as the
electronegativity of X decreases and their colours are explained
by electron-transfer from the Be-X bonds to the lowest unoccupied
molecular orbital of the bipyridyl.

Two black crystalline complexes of beryilium have also
been prepared: bis-bipyridylberyllium, (bipy)zBe, from reaction of
the dilithium adduct of bipyridyl and dichloro (bipyridyl)beryllium
in 1,2~dimethoxyethane and subsequeént crystallisation from benzene;
lithium big-bipyridylberyllate from lithiumbipyridyl and dichloro
(bipyridyl)beryllium in ether. This latter product reacts with
bromine to form dibromo (bipyridyl)beryllium.

The magnetic properties of bipyzBe and its deep colour are

consistent with its formulation as a coordination complex of the bypyridyl
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anion '(bipy_)zBezf This formulation has been confirmed by

examinatio%o of the electron spin reasonance of the paramagnetic
complex. '

Hydride Chemistry of Beryllium

Many mefhods for preparing organo—beryllium>hydrides have
been investigated, but in only a few cases has a pure compound
béén isolated.A However, coordination comﬁlexes of these hydrides
with donor molecules have been prepared and examiﬁed in some detail.
Alkali metal hydrides 65,76, 7. react with beryllium dialkls
and diaryls with the formation of complex hydrides of the fype
M BeR H , where li= Na, R= lMe, Bt and U= Li, Re Et, Ph. Sodium
hydride reacts with ethereal solutions of dimethyl- 1. and
diethylberyllium 16 forming sodium hydridodimethyl- and hydridodiethy-
beryllates, reaction being complete after refluxing the ethereal
solutions overnight. Lithium hydride reacts less readily with dlethyl-
v and‘diphenylberyliuml65' and requires a higher reaction temperature.
The temperatures required for reaction are 110°C and 16000 respectively.
Both lithium complexes crystallise from the reaction mixture with
one molecule of ether, a pure sample of LiHItéBe.OEté having been
only recenfly prepared. 36. Sodium hydridodiethylberyllate also
crystallise with one molecule of ether pé1~ sodiﬁm atom, although
- it is easily removed during the normal proc¢ess of drying at low
pressure, (dissociation pressure of 17 m.m. at 25 c K ) The

78.

crystal structure of this etherate has been examined by X-ray

diffraction methods and the structure is shown, figure XIV.



The'arrangement of atoms shows the existence of centrosymmetric
Et4Be H, units with beryllums linked by hydrogen brldges. The mean
berylllum—carbon bond length is 1. 80& compared with the value of
1.843 obtalned by addition of covalent rad11.79 Above and below
the piane which contains the beryllium atoms and the adjoining methylene
carbons lie sodium atoms, and attached to each sodium,is an etheroxygen.
The béryllium— hydrogen distance is 1.408 compares with an average
value of 1. 338 found for bridging boron-hydrogens in a number of
boronhydrldes and the sodium-hydrogen distance is 2. 402 , equal to
that in sodium hydride.

In the preparation of the sodium hydridodialkylberyllates
it‘is probably that hydride ion displaces coordinated ether, (used
as solvent): |

H + RBeof,exi—a L (RZBeH)i- + OEp

2 2
e

It has been shown that hydride ion will also displace

trimethylamine:

Vel +(Bt,Be¢ ME)—y NaBtyHBe + Mo,
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in a reaction very similar 40 the formation of sodium aluminium hydride

from sodium hydride and trimethylamine-alane:
Nl + HAle NMe3'—‘->.NaA1H4 + lie,N.
. The reactions of some of the complex hydrides with beryllium
' chloride have been investigated76’77' and have enabled the preparation
of various alkylberyilium hydrides to be carried out.
A preliminary investigation 76. showed that ethereal solution
containing lithiumAhydfidodiethylberyllate reacted with a half molar
' proportion of Beryllium chloride, precipitating lithium chloride.
Evaporation of solvent from the solution left a viscous liquid of
approx1mate constltutlon Et,Be H Similar reactions between

4732,
~ NaR,_HBe, where R = Me, Et, and beryllium chloride have been investi-

gatzd more fully. [ Thus ‘reaction of the sodium hydridodialkyl-
beryllates with half molar proportions of beryllium chloride Jelds
species in solution of apprbximate constitution 'R4Be3H2. In the
view of the reactions of the species "R4Be3H2’ R = Me, Et¢, with
.with tertiary amines, it is probablg that they consist of a mixture
of solﬁated dialkylberyllium and solvated alkylberyllium hydride,
thought the existance of di; and tri- muclear species cannot be
'disregarded. Evaporation of solvent from an etheréal solution of
"Me4Be3H5 and prolonged pumping at room temperatu{e gave an oily
residue of approximate comp031flonA Me4Be3H o OEt2, which could be
regarded as some kind of electron-deficient complex between

dimethylberyllium and methylberyllium hydride, such as figure XV.

——— e e ———

'r t20\ M?‘-' ..Me.'. ';_Me | '.'_ . /Me

Be Be i ,','B'e'_ Be. Bi o

i M ,H‘ Me" "Mé Me CH _OEtz
e
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In reaction with donor molecules solutions of "R4Be3H2"
behave as a mixture of R,Be and "RBeH", thus addition of

trimethylamine to "Me Be_ H," yields a mixture of the dimethylberyilium

4 7372
complex 4. MeZBeG—'NMe3 and the trimethylamine complex of methylberyllium
. 8 L] - - y
hydride. 1 The hydride complex being less volatile (vapour pressure

is 1.8 mim. at 6090,) than the dimethylberyllium complex (vapour
pressure is 1.8 m.m. at 3000) separation by fractional condensation
was possible.81° The pure complex, (MeBeHe-NMe3), melted at 73-74°C
and was found to be dimeric in benzene. From the vapour pressure
equation: ,

logloP(m.m,) = T.483 - 2439/T‘ for liquid 73—11500
the latent heat of vapourisation isZLLQ Kcal., mole . the extrapolated
boiling paint is_257°C and the Trouton constant 21.1. The normal
Trouton suggests that there is no'change in degree of association
dqring4the process of vapourisation; thus it is likely that the vapour,
~at least up %o 110°C, consists mainly of dimer. Atfempts.to measure
the molecular weight of the hydride as vapour at higher temperatures
(1450;175°C) were not successful .

the vapour appeared.to be monomeric at 175°C and to become more associated

due to some decomposition; however

at lower temperatures. The hydride dimer is formulated with a hydrogen
rather than a methyl bridge, as shown in figure XVI, because the complex
is not decomposed by excess trimethylamine whereas the methyl bridges

between beryllium atoms in the dimethylberyllium polymer are cleaved

by trimethylamine. 4* ‘
N o
ffﬁi?iq\ﬁ -;f*tﬁ ‘/)vk?» |
.. Be* 'Be ;
AN
i ~5b4e R ._’pMVEbfi
XV
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In addition, studies of reactions between dialkylaluminium hydrides
and donor molecules have shown that hydrogen bridges in these
compounds are less readily cleaved than are the methyl bridges in
trimethylamine. 48. S '

In attempt to prepare monomeric complexes, L2BeMEH, of
methylberyllium hydride, the reactions of "Me4B33H2" with donor 17,81
‘molecules which readily form chelate complexes were investigated, ' '~~~
but with little success.

Thus addition of bipyridyl to ethereal Mé4333H2" resulted
din prec1p1tatlon of yellow: MeéBeblpy, 35- 1eav1ng a deep red solution.
Though the red colouratlon was probably due to MeBeH bipy, the red
colour soon turned to a dark brown and removal of solvent gave only
an intractable tar. Evidently the Be-H groups had reacted wifh
5ipyridyl. A similar reaction is. observed Ain the blpyrldyl-alumlnlum
hydride complex. 82_'

' ~ Reaction of "Me4Be3H2" with N,N,N' N' -‘tetramethylethyleﬁediamine
gave the knownchelate complex of dlmethylberylllum 35. and a white,
apparently—amorphous precipitate which was insoluble in ether, benzene,

. carbon disulphide and carbon tetrachloride. It did not'fume in air

and analysis showed it to corr§épond to the‘f.'orumla,[-(MeBeH)2 MezNCH2

CH NMEé]n. It appears that the hydrogen bridge is present, resulting

2
. in a polymeric constitution as Bhown in figure XVII.

‘ '-;H- hIAe ?ﬂzhcl:Hz-N\'e H h/4e ‘?Hé— G
->E5§' 'Ey34;2l g:-4§Ek§_. j334_g: : th-_,é
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Similarly, reaction with 1,2~dimethyoxyethane gave a mixture
of solid and liquid products. The solid was sublimed from the mixture
at BOOC in vacué, and shown to be the knownéhelaté complex of 1,2-
dimethoxyethane and dimethylberyllium..35°'-The residue was a viscoﬁs
0il, which corresponds to the formula [_(MeBeH)2 MeOCH,,CH 2OME] and
its constitution is probably polymeric and similar to that suggested
for the-?etramethylethylenadiamine complex.’ ‘

| 'Attenmﬁsto prepare alkylberyllium hydrides, RBeH, by sublimation

ofldialkylberyllium from the complex mixtures "R4Be3Hg were not successful.
Thus sublimation of dimethylberyllium from the solid residue "Me4Be3H2“
(from 2NaMe,liBe + BeClz) was apparent 77,81. at 60 C/O 001 m.m.
However, there was no indication of any pause in the evolutlon of
dimethylberyllium at a stage corresponding to a residue of methylberyllium
hydride. Sublimation in the rangé 170-21000 resuited in extensive

disproportiénation:

Hm + Me Be

Me Be n=2 Be(n/2 + m/2 _i 2

(n/2 + m/2) Hm'—_’Me

which continued until the hydride; methyl ratio was about 10:1. A

greater hydride: methyl ratlo was not achieved by rea¢tion at higher

temperatures on account of’ thermal decomposition of dimethylberyllium.
Diethylberyllium was found to separature more easily from

"Et4Be3H2" and a glassy residue, consisting wainly of ethylberyllium

hydride, was otkined by heating Et4Be3H2" at 70~8O C for eight hours.

The course of further reaction at higher temperatures was greatly

affected by the composition of the ethylberylliumihydride — diethylberyllium

solution. . :

The composifion of‘the ethylbéryllium hydride - diethylberyllium

mixture, Et4Be3H2" depended on the actual experimental g;chnlqueuused.

It was found, during the course of several experiments, that sodium

entered the solution and was present in the residue after pyrolysis.

- This was confirmed by refluxing excess sodium hydride with solutions of
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"Et4B33H2". The ethyl: hydride ratio-. (iﬁ,solufion) was always
greater than 2:1 and concentration of the solutlon yielded NaEtzHBe.
It was assumed that sodlum entered the solution as ether-soluble
NaEtzHBe and hydrlde was removed as an insoluble complex hydride.

83.

This was later confirmed by preparation of sodium beryllium
hydriae, NazBeH4, by reaction of sodium hydridodiethylberyllate

and a quarter molar proportion of beryllium chloride, followed by
pyrolysis at 180°C of.the residue obtained by filtration and concen-

tration of the solution.

r

4 NaEt,HBe + BeCl, — 2 NaCl + Na 5Et8 4

2 2
0
"a B n 180°C
a, sBEtS 4 — 4 Et2Be + _NazBeH4

The involatile residue was insoluble in ether and showed

3,63.

a clear X-ray pattern. It was more stable than beryllium hydride

decomposing to give hydrogen, sodlum vapour and an involatile residus,

presumed to be beryllium, at 3807400 C. NazBeH4 was formulated 83.

as an electron-deficient polymer, probably-containing units similar
to the BeQHN'aZHBe2

of NeEt,HBeOEt, 78. rather than a salt like NaBH,.
’

Thus, the entry of sodium into the "Et4Be3H2" solutions was

units shown to be present in the cryétal structure

probably via a reaction of the type:

" "
4 NaH + Et4Be3H2 —y 2 Na?theH + NazBeH4

The presence of sodium in solution had a great effect on
the extent of disproportionation of the residue during pyrolysis.
Thus, in an experiment when excess sodium hydride, frbm the preparation
of NaEt HBe, was allowed to react with the "Et4Be3H2" solution before
filtration the residue obtained by pyrolys1s at 180°¢.



- 32 -

_corresponddapproximafely t0 a mixture of BeH2 (5 ﬁbl.)'+ NazBe2H6(3 mol.)
or BeH, (8 mol) + Na,

where excess sodium hydrlde was eliminated by modification of experimental

BeH (3 mol). Whereas, in another experiment,

-technique, the residue obtained by pyrolysis at 180°¢C analysed to
give a hydrogen: ethyl ratio of only 2.55:1. A trace of chloride
(from a slightAexcess Qf berylliumchldride), but no sodium was detected
in thls product. |

Unlike dimethyl- and diethylberyllium, which decompose at elevated
température to give a complex mixture of products, di-isopropylberyllium
and some of 1ts derivatives 5 decompose with evolution of propene
at elevated temperatures and formation of "half—hydrlde" derivatives
of berylliums

i

o ,
200 C i
ProBe  ——» C3H6 + (Pr BeH)n

i 200°C_ (¢ i i
PrQBee-NME3 — ( 3H6 + (Pr BgH.NMeS)n

(PrBenlie, ) 100°C | oy 4 (EBemE,)
O eoln — 7376 2’/n

These compounds have not been further investigated and could
well provide a useful preparati&e route to beryllium hydrides. A
‘s1m11ar poss1b1e source of hydride derivatives 1is dl-tertlary—butyl—
. beryllium and its derivatives. Pyrolysis of Bu2 3,63- at 200 °¢
provides beryllium hydride and it is reasonable %o expect that
controlled pyrolysis at lower temperatures could result in formation
of "half-hydride" derivatives. '

Alkyl-hydrogen exchange reactions have been investigated with
a view to preparation of beryllium hydride derivatives, with varying
degrees of success. |

Dimethylberyllium readts with dimethylaluminium hydride in

the absené¢e of solvent. 85. Although trimethylaluminium was formed
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as indicated by the equation below, a product free from methyl groups
could not be obtained..

2 MezAlH + szBe —2 Me3A1 + BeH2

No better results could be obtained in isopentamec solution, and it
was suggested that the intermediate occurrence of rever31ble reaction:
Me, Be + Me, AlH = Me3Al + "ileBeH"

2 2
could explain the results.

A more succéssful method involves reaction of diethylberyllium
and triéthylstannane in ethereal'solution 1. Tetraethyltin and
ethylberyllium hyaride are formed; hydrolysis of the involatile residue
left after evaporatioﬁ of "the tetraethyltin yielded ethane and hydrogen
in the ratio 1. 016:1.

Et SmH; + Bt,Be — Bt,5p + "E4BeH"

Ethylberylllum hydride prepared by this method was characterised
by conversion into its trimethylamine complex, (EtBeH.NMe )2’77 which
is dimeric in benzene and is formulated with a hydrogen brldge, like
its methyl analogue. A similar exchange takes place when triethylstannane
is heated with triethylaluminium 85. (giving Et AlH), though this
reaction is 1nh1b1ted by ethers and tertiary amines. Assuming exchange
with Et3A1 1nvolves an electron-deficient 1ntermed1ate, it is reasonable
to exbect that exchange should be inhibited by reagents which remove the
electron—def1c1ency of Et3A1 by formation of coordination complexes.
Since there is evidence that electron-deficient brldges persist in
dimethylberyllium in the presence of ethers and tr1methy1phosph1ne,4
it is not surprising that the tin hydride-alkylberyllium exchange
regction takes place in the presence of diethyl ether.

Lithium aluminium hydride reacts with dimethylberyllium in
ethereal solution with elimination of methane and precipiﬁéfion af
a white, insoluble, involatile solid. 84. Although .claimed to be
beryllium hydride, the only impurity being ether, it was later shown
3

to be inseparably contaminated with aluminium and lithium.
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The reactions of bis—(dimethylamino)ﬁ%ryllium with several
alkylaluminium hydrides, trimethylamine-alane and trimethylaiﬁmiﬁiumn
have been investigated. 102'The studies indicate that dimethylamine-
hydride-exchange is copgiplete beétween aluminium hydrides and bis-)dimethyramino
Eeryrijmwhere as under similar experimental conditions, no exchange
with trimethyléluminium and Be(NME2)2 was observed.

_ A surface reaction between lithium hydride and beryllium
chloride has been reported, but no product was isolated.

" Beryllium borohydride, (Be(BH ) is most conveniently prepared
by the reaction of lithium borohydrlde and beryllium chloride at elevated
temperatures. 87. It is a white, volatile solid, monomeric in the vapour
phase, and its vapour pressure is 760 m.m. at 91. 3°C 8.

The reactions of beryllium borohydride with ethers have been

investigated. It is reported to be soluble in anisole, diethyl

ether and diphenyl ether, but insoluble in tetra: hydrofuran, 1,2-dimeth-
oxyethane, and someethers. However, more recent iﬁvestigations 89.
have shown that beryllium borohydride reacts exothermically with diethyl
ether, tetrahydrofuran and 1, 2—d1methoxyethane. A 1:1 adduct, BeB H80Et
is formed with diethyl ether which is reported t0 be monomeric in
benzene. 9. A convenient preparation of this is by the metathetlcaIA
reaction between befyllium chloride and lithium borohydride in ether
-solution 91. Tetrahydrofuran forms a crystalline 4:1 complex, soluble
in tetrahydrofuran and is formulated as a salt [{Be(THF);] (BH4)2
Excess isobutylamine precipitates tetrakisisobutylamineberyllium
borohydride from an ethereal solution of beryllium borohydride. It is
formulated as a salt [Be(Bu NHQ) § (BH ) similar to the tetrahydrofuran
complex. The complexes formulated as salts [ﬁeL.] (BH have infrared
spectra typical, 9L in the region 2200—2300 cm1 of these compounds
containing the borohydride ion.92° o !
1, 2—D1methoxyethane reacts with beryllium borohydride in an |
unexpected manner. 89. It did not give the chelate complex [Be(MeOC H OME)J

(BH4)2 analogous to the tetrakistetrahydrofuran complex, but gave
9 .

a crystalline compoﬁnd in which the O:Be ratiox was about 3:1.
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This compound has not been further investgated.

The reactions of beryllium borohydride with amines and phosphines

have been studied. Trimethylamine reacts forming a 1:1 adduct,

‘Me3N -~» BeB H8 which is monomeric in the vapour phase. Trlmethyl— 93

triethyl=, 93. and trlphenylphosphlne 89. all react to form 1:1 adducts
RBP—+BeB H8 which are monomeric in benzene. By various displacement

reactions it was found that the donor strength L.
beryllium borohydride was Me N) Me P (Et P,Ph P)> Et,0.

Reaction of the 1:1 adducfs Wlth excess llgand has been investigated

of ligands to

and some unusual features have been discovered..
Trlmethylamlneberylllum borohydrlde reacts 8. with excess
trimethylamine at 95 C over a period of thirty hours, with the formation
of trimethylamine-borane: ‘ o
Me3N.Be B2H8 + MeBN—-)Me3N.BH3 + "Me3N.BéBH5".
The second product, Me3N.BeBH5’ although not fully characterised,
reacts with diborane to give pure beryllium borohydride. Some trimethy-

. lamine €ould be removed from Me3N.BeBH at lOOOC,-the process being

reversible. g _

The phosphine adducts react with excess phosphine with formation
of approximately 2 moles of phosphine-borane:8?’93'

R3P—vBeB H8 + R3P-—->2R3P(-—BH3 + BeHz

. The extent of removal of borane as phosphine-borane was found
to be dependant on expérimental corditions. Thus,.in absence of
solvent beryllium borohydride reacts with excess trimethylphosphine a$
70°¢C with approximately 80% removal of boron from the borohydride-as
-trimethylphosphine-borane. In contrast, if triphenylphosphine and
beryllium borohydride, in 2:1 molar quantities, are heated in xylene
solution at 150°C for six hours, 97% of the boron cohtent.of the
system was isolated as triphenylphosphine-borane. _The. other product
was beryllium hydride, which was found to be 80.7 Weight‘% pure, the
impurity being identified as PhBP'BHB' Thus the beryllim hydride was

the purest yet isolated, corresponding to 99.1 mole % BeH2
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It is interesting to note that although trimethyiamine will
displace trimethylphosphine from the complex Me3P—>BeB2H8’ in which
the phosphine is bonded to the beryllium atom, trimethylphosphine
is more efficient than trimethylamine 8. in removing boron from
the borohydride as the borane adduct.

Coates and Banford -
with the greater donor strenth of Me.P to boron in the adduct Me3P—9BH3,

point out that this is in agreement

_ 3
compared to that of the amine adduct, Me3N-?BH3 94. The unexpected
reversal of donor strenth of N,P,As,Sb in sdducts of the type L-*BHB,
is explained by postulation that the & bond is reinforced by back-

coordination from BH, in a 1V type interaction with a vacant d1 orbital

3

~on the donor atom.
Infrared Spectra of Alkylberyllum Hydride Complexes
+
The 01 vibrational transition of the ground state(zﬁ:)

of the BeH molecule, derived from band heads and band origins in emission

electronic spectra, 9 is at 2056.8 cm;land at 2087.7 cm?lfor the
firstAexcitedzTY-state. Thus a terminal Be-H group could be expected to
cause absorptlon near 2100 cm,land a similar conclusion is reached by

~ considering the change with atomic fiamber of the stretching frequencies
of the hydrides of the other elements of the first short period. 3By
analogy, with the vibrational modes of the BH2B groups in diborane

and the varibous methyl- and ethyl- diboranes, the vibrational moles

of the bridging hydrogen atoms in a BeHzBe group, of mainly stretching
character, should cause absorption at frequencies well below 2100 cm.
for, whereas, the terminal B-H bonds usually cause absorption in the
2299-2500 cm. region, the two modes due to the BHZB brldge in diborane
are at 1915(‘03 symmetrical out—of—phase) and 1606 cm. ( V7 asymmetric
1n—phase) 96. The alkyldiboranes provide a closer analogy to the
beryllium compounds formulated as (MeBeH(--NMeB)2 with BeHzBe bridges.
In the former the weak absorption correspondin§ to Vi1 is observed at
1972 (Me4 » 2), 1880 (Me3 o 3) and at 1852 cm. (Et4 0 2),

the very strong absorption corresponding to Vi7 is observed at 1605,

whereas

-1,
1605 and 1582 cm. ‘in the three compounds, changing to 1186 1183, and
97.

1166 cm. on deuteration.
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A combarisqn e of the infrared spectra of (MeBer-NMe:,))2
and its deuwtero-analogue, (lMeBeD<« NMe shows that a strong absorption
at 1344 cm?lin (MeBéH(——NMe3
deqtro-analoguezﬂs:due to one of the(BeHgBé)stretching,modes. The-same
absorption due to V (BeHzBe) is found at 1333 cm?? in the spectrum of the

ethyl derivative (EtBeH¢ NMe

3)2; -1
)2 which movesto about.1020 cm. in the
’

3)2.

Similarly by comparison

7. .
of.the infrared spectra of NazMe4H2Be2

and_Na2M94D2Be2, which are reasonaﬁly expected to contéin[BeHz( or D2) Bé%
bridges are shown to occur in N@ Et4H2Be2 by{X-rgy diffraction analysis ' ,
it has been conc{gded that absorptions due tdithe(BeH2Bé bridgﬁs are at
1325 and 1165 cm; those due to(BeDQBé being at 917 and 869 cm. Comparison 77'
of infrared spectra of NazEt4H2Be2 and NaZEt4DZBe2; althoggh the spept{%

are more complicated as expecteg1 shows V (BeHZBe) at 1294 and 1065 cm.

andVy (BerBe),at 951 and 835 cm.

_ These assignments are confirmed by comparison
of NaéMe4ﬁ2Beé and Na2(CD3)4 H2362. Thuslit is concluded that absorptions

due to‘O(BeHZBe) are at 1325 and 1165 cm. in NazMe4H2Be2’ at 1333 and 1164 cm.

-1,
in N32(0D3)4 H2B62, and at 920 and 870 cm. in NazMe4D2Bez'

As mentioned above, by comparison of the spectra of various neutral

4l. of the spectra

beryllium hydride complexes, abSorptions due to\’(BeHzBe) have been
identified at 1344 om: in (MeBeH«-NMe3)2 and at 1333 omy in (EtBeHeNMe3)2

H .
The sbsorptions expected at lower frequencies, corresponding to

96'

(asymmetric in—-phase) vibrations of diborane, are now realised to
be obscured'by absorptions due to the amine.

The spectrum of (MeBeH*‘NMe3
been reéorded, e and at highert temperatures @okis:dissimilar to

o . . -1
the spectrum ofasssolution in cyclohexane, "Oﬁde‘-.)De) band " at 2341 cm.

)2 as saturated vapour has also

. appeared. This pbstulated as being due to terminal\J(Be-H) in monomeric
MeBeHé—NMe3, since vapour density measurements indicated extensivei
dissociation with increasing temperature (145—17500l Thus between 650
“and 80°C the concentration of monomer in the saturated vapour could
begin to be significant. Experimental difficulties made study of the

unsaturated vapour at higher temperatures impossible.
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The infrared spectra of varioussamples of beryllium hydride,
of varying purity, have been examined. Thus, the main feature of
' ‘a sample, of approximate compbsition{KBeH2)34: Naﬁ1,98' was rather
- broad absorption centred on 1750 cm. The material was X-ray amorphous
and regard as a cross—linked disordered polymer. Similar absorptions,
centred at 1750-1760 cm:fihave beeh observed 36’_91' and -are: due to
(BeHBe) bonds in the cross-linked polymer.

Coordination chemistry of the organo-derivatives of other Group II metals

The coordination chemistry of the orgéno—derivatives of calcium
strontium and barium has been little studied. The organisc. derivatives
of these metals are highly reactive and resembly methyl lithium in
many of their reactions. In contrast, the group IIB metals alkyls
and their coordination chemistry have_been studied in some detail.

The large increase in electronegativity in going from the typical
elements to those of the B sub—group is reflected in the properties

of their organo-derivatives. Thus whereas, zinc, cadmium and mercury
all form covalent organo-derivatives, the dialkyls being volatile
liquids, easily soluble in hydrocarbon solvents, and monomeric in

the liquid and wvapour phase; the iower dialkyls of beryllium and
magnesium reflect the lower electronegativities of the metals in being
highly eléctron—deficient solids and liquids of polymeric constitution.
The decrease of reactivitijith increasing eiectronegativities in the
sequence zinc,'cadmiuﬁ, and mercupry is illustrated by the behaviour

of the lower alkyls towards water; the dialkyls of zinc are hydrolysed
with explésive violence, those of cadmium slowly and those of mercury
hot at all.

Magnesium | .

Apart from fhe extremely useful, and well-known Grignard
reagents, magnesium forms dialkyl- and diaryl-derivatives. Like the
analogous berylliumderivatives, the organo- derivatives of magnesium
exhibit electron deficiency. Indeed, dimejhylmagnesium is apparently
a more strongly bound polymer than dimethylberyllium, since the former

is only slightly soluble in diethyl ether, 103, 104. whereas the latter
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is ea311y soluble. The chemical evidence has found support in the

recent X—ray structural ana1y31s of dlmethylmagn931um, 105 which reveals

a long chain polymerlc constitution. An unstable,'crystalline mono—

dlethylether complex of diethylmagnesium has been reported, }06 nd

vapour pressure measurements of some solutions of diethyl- and dipropyl-
magnesium in ether-tetrahydrofhraﬁ mixtures show that an equilibrium

exists in solution 107.

R/lige- OEt,, + THF—3 R lige THF + Bt .0

Dimethylmagnesuim absorbs trlmethylamlne reversibly, in contrast to
dimethylberyllium which forms a stable, volatile 1:1 complex 4 and an
34.

unstable 2:1 complex; and several volatile, chelate complexes of

R Mg with N,W,N',N' - tetramethylethylenediamine, (R ¥ Et,Pr,Pr i, But".)
are also described. 108, The N,N,N,'N' - tetramethylethylenediamine
complexes of dimethyl and diphenylmagnesium are also described as
crystalline solids, as are the'1;2—Adimethoxyethane complexes, and
a bis-tetrahydrofuran complex of diphenylmagnesium. 103.

Reactions of'dialkylmagnesium derivatives with donor molecules
containing active hydrogen atoms have not been fully investigated.
However, N,N,N' - trimethylethylenediamine does react with dimethyl-
magnesium 109. in 1:1 proportioné, with the eliminatioﬁ of methane,
to give @ngNMe.C2H4.NM§)2, which is dimeric in benzene, analogous

to the corresponding beryllium compound.

Due to the low'polarity of the zinc-carbon bond, organo-zinc
compounds had generally been thought of as being unable to form neutral
eléﬁtron donor-acceptor complexes; indeed trimethylamine and triethyl-
phosphiné have been reported as not reaéting with diethylzinc.llo
It is only quite recently that ‘the first'examples of wekl-defined
coordination complexes have beeh described. -An indication of their

ex1stance was Frankland's observation 1‘1' that the use of dimethyl

or diethyl ether as a solvent gréatly facilitated the formation.
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of dimethylzinc from zinc and methyl iodide, but that complete separation
from the product was impossible. A recent reinvestigation 2. of the
dimethyl ether;dimethylzinc system demonstrates the formation of a
1:1 complex, which could, however,be'completely separated into the
component compounds by distillation through an efficient fractionating
column. A series of liquid adducts with cyclic ehers were also reported.
The adducts could be "distilled at atmospheric pressure without decomp-
osition, but were found to dissociate in benzene solution. The strength
of the bond between ether molecule and dimethylzinc, and possibility of
coordination of a second ether molecule was found to increase from
ethylene oxide to pentamethylene oxide. Thus,'onlj 1:1 complexes were
formed with ethylene oxide and trimethylene oxide, whereas tetrahydrofuran
and pentamethylene oxide yielded 2:1 complexes. On steric grounds the
reverse trend would be expected, and it was concluded that the major
‘ influencing factor was the orientation or the p~character of the oxygen
orbitals, which would vary with the ring size of the ether.
Crystalline, and presumably chelate l:1 complexes were formed
by reaction of Meézn with 1,4 - dioxan and 1,4 -thiozan. 113. These
complexes can be ¢disdilled without decomposition, as can the liquid
complexes, containing two ether molecules to one zinc atom, formed
by reaction of aliphatic ethers, such as 1,2 - dimethoxyethans, with
dimethylzinc. However, these 2:1 complexes dissociate in benzene
solution into a 1:1 complex and free ether. Diarylzinc derivatives
yield similar 1:1 complexes withl,4-dioxan. 114, 115.
Dimethylzinc and tertiary amines yield definite coordination
complexes, 116. one or two molecules of trimethylamine reacting with
ohe molecule of dimethjlzinc to give liquid adduéts. The 1:1 complex
distils at 8400, whilst the 2:1 complex dist . ils at 84.500, suggesting
that dissociation into 1:1 complex and amine occurs during distillationm,
a process which is dbserved when the 2:1 complex is dissolved in benzene.
Triethylamine and pyridine yield only 2:1 complexes, which are'liquid

and solid respéctively; both dissociate in benzene solution yielding

" the 1:1 complex and free amine. N, N,N',N' - Tetramethylethylenediamine,
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2,2'-bipyridyl and 1,10~ phenanthracene react with dimethylzinc ymeldlng
chelate compounds, which may "be sublimed w1thout decomposition in
vacuo. - A series of 2:1 coordination complexes between dlmethyl—
dlethyl-; and d1butylz1nc and the tertiary amines, pyridine, quinoline
and isoquinoline have been exam1ned,ll7' all dissociating when dissolved
in behzene solution. A
A pale yellow, chelate complex obtained from dimethylzinc and
2,2' -bipyridyl, and the orange compound, EtéZn.blpy, have also been
reported 35 in connection with a study of a series of coloured blpyrldyl
complexes of beryllium alkyls. The bipyridyl complex of diallylzine is
mentioned in connection with the prepafation of diallylzinc. 118.
More recently the 1,10 —phenanthracene and 2,2' -bipyridyl complexes
of organozinc compounds have been prepared, and have been the subject
of an ultra-violet and v131ble spectroscopic study. 116, 119 The
colours of the oomplexes L.ZmRZ, (L = bipy.or phena.: R = Et,Pr ,Bu y
6H5 or C ), was found to d epend on the electronegativity of the
organlc groupi R. It was concluded that the observed spectra are
due to a charge—transﬁer process 1nvolv1ng donation of electrons from
the zinc-carbon bonds into the lowest, unoccupied molecular orbitals
of the llgand. However, in COntrast to the similar beryllium complexes,
the 1ntens1ty of "the oharge-traﬁSer bond increased with increasing
electronegativity of R, and the authors suggest that participation
of the 3d. orbitals of the zinc atom is important. A series of complexes
of dibutyl-, diphenyl-, and bis-pentafluorophenylzinc with a varlety
of dOnor molecules has been described. 120' Chelate complexes with
1,2 - dimethoxyethane, N,N,N', N', - tetramethylethylenedlamlne, 1, 2-b1s—'
dlphenylphosphlneethane) and o—phenylene—bls(dlmethylar31ne) were
prepared as were the 2:1 complexes of triphenylphosphine and'ZnR2 .
The 1ncrea31ng effect of increasing electronegativity of R was found
to have a considerably effect on the_stab111ty of .the copplexes. .

Thus, dibutylzinc forms a complex with 1,2 - dimethoxyethane, which
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is thermally very unstable, (complete dissociation at 40°C and 0.01 m.m.),
and fails to form a complex with triphenylphosphine;- Similarly, the
liquid comﬁlex formed by the chelating arsine slowly loses dibhﬁylzinc
when heated in vacuo. In coﬁtrast, the phenyl- and penfafludrophenyl—
derivatives form very stablé complexes, which are crystalline solids

as opposed to liquidé,and in all cases the melting-points:of the complexes
increased in the order: Bu,Z n (Ph2Zn < (CsFS)ZZ n. The increasing
electronegativity of R brings about a corresponding increase in electron-
affinity of the vacant orbitals of the ziné atom, causing the zinc atom,
to become a stronger electron-acceptor. It is evident that stabilisation
of compleX¥es of phosphomwe: and arsenic ligands by dif - dT back-coordination
between the filled 3d orbitals of the zinc and the empity d orbitals on
the ligands cannot be of great significance, as the increase in strength
of the ¥ bond between zinc and ligand as the electronegativity of R
increase necessarily decreases the possibility of back-coordination.

The reactions of zinc dialkyls and various alcohols, lel, lzz.

123,132. 125,133. have beeh observed, but the

amines, énd phosphines
complexes resulting from elimination of only one alkyl group was either
not isoiated, or if it was, very little information on it properties,
apart from solubility in non-polar solvents, was reﬁqrted. The acidolysis
of zinc dialkyls by p-telidine has been the subject of ? iinetic étudy,
24.

but the intermediates RZn.NHC6H4 CH3 were not isolated

More recently the reactions of dimethyl- and diethylzinc with
alcohols, thiols and secondary amines have been investigated.46'
The coordination complexes resulting from the displacement of one alkyl
group weré examined and found to have interesting structures. The reaction
of dimethylzinc in 1:1 molar proportions with alcohols produced, in all
cases examined, alkoxideé which were tetrameric ih benzene solution,

(MezZn OR)4. An X-ray diffraction study 99 on the methoxide (NbZnOME)4

hag i.ca revealed a-¢ cubic structure, fig.XVil.
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I+ is probable that the other methyl- and ethylzinc alkoxides

have a gimilar structure, and also several tetrameric methylberyllium

38.

alkoxides, Only the phenoxide of the methylzinc alkoxide series

formed a pyridine adduct, dimeric in benzene fig.XIX.
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which suggests that the zinc atdms in these complexshave a substantial
dégree of coordinative saturation. It would'be expected that the oxygen
atom of a bhenoxy group would show we;ker donor character than that of

. an alkoxy group, accounting for the pyridine adduct.

' Thiols, R'SH (R = Ue,Pr" and Ph), react with dimethylzinc to

give apparently polymeric, insoluble solid (MeZMS&ﬁ)X’ which do not
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react with pyridine,. although the methylthio-derivative dissolves

in ,py;'idine but loses pyridine under reduced pressure:

(MeZnsMe) v (Me py2ZnSle)
. X e X

vac

Branched chain thiols react yielding products soluble in benzene,
Tertiary-butanethiol yields perttameric producfs,(RZrSBut)s (R = Me or Et),
and iso-propanethiol gave a hexameric product (M&n SP%) 6 The pyridine
adduct of fhe tertiary-butylthio deriv, (Mepy Zh SBut)2 w;.s also prepared.
X-Ray studies on the fentameric (MeZnSBi;l) § has revealed an unusual

structure. 126. The structure shown in fig. ¥¥. could be described-as

two interpenetrating Q&Q&b&sedfpyramids of zinc and sulphurs respectively.

X¥X. A
Reaction of dimethylamine with dimethylzinc gave only [_(MezN)z'Zn]x
an imsoluble, involatile and evidently polymeric solid. In contrast,
diphenylamine Bave a dimeric product (MeZnNPhZ)z, which is formulated

with 3-coordinate zinc, fig.X¥l.

7 ®

/N
z2 2
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Methylzine diphenylamide reacts with pyridine in anunusual .fashiron.
Thus, addition of pyridine in propertibn of one g mple of pyridine
to one g.atom of zinc did not yield the diphenylamino analoéue of
(MaﬂyZﬁOPh)z, but disproportionation took place giving Mezzn and pyéZn(NPhZ)z.
Excess pyridine gave bright yellow crystals of MepyéZ"Nth

Reaction of dimethylzinc with N,N,N' - Trimethylethylenediamine

gave a dimeric product, (MeZhNM602H4NMe ) 'ﬁaanalqgousto the beryllium

35.

derivative.

Cadmlum
Neutral coordination complexes formed by reaction of dlalkyl and

diarylcadmium derivatives with donor molecules are usually found to

be considerably less stable than the corresponding zinc derivatives. A

number of crystalline 1:1 complexes of diarylcadmium derivatives with

127.

1,4 .~ dioxan have been described. The complexes lose dioxan when

heated at 80°ﬁlOOOC. Similar complexes of mixed cadium aryls, Ar Cd Ar'

115. Crystalline

(Ar = phenyl, Ar' = 2-thienyl), have been reported.
chelate complexes of dimethylcadmium with 1,4 -dioxan, N,N,N'N', -
tetraethylethylenedlamlne, 2,2' - bipyridyl and 1,10 —phenanthracene
are reported 129. o be qulte stable thermodynamlcally, whereas 1:l
complexes formed with unideztate donor molecules like tetrahydrofuran
and pyridine are liquids which dissociate readlly at room temperature
and in benzene solution. In contrast to the above the yellow complex
formed by reaction of dimethylcédmium and 2,2' -bypyridyl is reported
~to have an appreciable dissociation pressure of dimethyleadmium at
room temperature, and is extensively diésociated in benzene solution.35'

Until quite recently the reactions of dialkylcadmium derivatives
w1th molecules contalnlng acidic hydrogen atoms had been little studied.
A recent study 130. has revealed some interesting alkoxy- and alkylthlomethyl
cadmium derivatives. Methylcadmium methoxide was found to be too

insoluble in benzene for molecular weight measurements, but the X-ray

99.

powder pattern was similar to that of the tetrameric methylzinc methoxide

and a cubic strucgure is proposed for the methylcadmium methoxide.
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The generality of the cubic structure for alkyl-metal alkoxides of
beryllium, zinc and cadmium is reinforced by the fact that the
methylcadmium ethoxide, iso- propoxide and phenoxide were found to be
tetrameric in benzene solution. .However, methylcadmium tertiary-

butoxide was found to be anomolous in being dkmeric. Any explanation
involving steric interference must also explain why ény such interference

is more important around the larger cadmium atom when it would expected

to have more influence around the smaller zinc atom. It is also sdrprising
that no pyridine adduct could be prepared from the tertiarz—butéxide,

whicéh must be formulated with three-coordinate, and therefore coordinatively

unsaturated, cadmium - figs XXH.

< But
N @)
Me-cd" \Cd—Me |
. . O |
Bt {

XX,

The only derivative to.yield a pyriaine derivative was the phenoxide,
"as was found with the zinc analogue: - _

' ‘The reaction of dimethylcadmium with methanethiol and thiophenol
~gave imwoluble products (MeCdSMe)x; (MeCdSPh)x,'which are assumed to be
polymeric. These products dissolve in py:;dine, presumably as pyridine

adducts, but pyridine is lost under reduced preséure.

o,

ke

As was foundhthe analogous zinc derivatives, branched-chain

thiols gave derivatives soluble in benzene. Iso-propanethiol reacted with
dimethyldadmium yielding a hexamerig product, (MeCdSPr )6 as was found
w1th dimethylzinc, but tertlarz-butanethlol gave a tetrameric product

(MeCdSBu )4 the analogous zinc compound being pentameric (MeZnSBu )5
\ ) N .
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The author suggestsAthe tetramic butylsulphide has a cubic structure,
gimilar to the tetrameric alkoxides. A novel structure involving two
six-membered rings is postulated for the methylcadmium (iso—prdpyl)

sulphide, fig:X¥l.
}

|
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i Me -
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As with the cubic structure, such an arrangement would have.the effect
of increasing the effective coordination number of the cadmium and
sulphur atoms, which would oppose the formation of pyridine adducts.
No pyridine adduct could be isolated.

Mercury '

No coordination complexes of dialkyl— or diaryl- mercurials,
with the exception of chlorinated and fluorinated derivatives, have
been isolated. Indications of the formation of 1:1 and 2:1 compounds
between such ligands as piperidine, triphenylphosphine and acetone
respectivély and diphenylmercury have been obtained by oscillimetric
titfation in benzene solution but the concentfation of such complexes
if formed .must be small and they dissociate very readily. 131. The
dialkyl- and diaryl- ﬁercurials are unaffected by water or dilute:z
acids and_no compounds analogous to the alkoxy- and alkylthio- derivatives

of beryllium and zinc are known.
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Hydride Chemistry of the other Group II metals

In attempts to prepare Group IT metal hydrides alkyl~hydrogen
‘exchange reactions have been investigated, although the products obtained
were rarely pure. |

Thus dialkyl derivatives of magnesium, zinc and cadmium react

84.

in ether solution with lithium aluminium hydride. in a similar

way to,dimethylbéryllium. The reactions appear to be more straight-
forward than found with dimethylberyllium, in that the products do not
contain large quantities of lithium and aluminium. Zinc and cadmium
hydrides are obtained as white, involtatile, insoluble and ether—free
golids, but do contain small amounts of impurities. Both decompose
readily at ambient temperatures, (room tempemture and 0°¢c respectively),
into a metal and hydrogen. Dimethylmercury reacts with lithium aluminium
hydride at 80°¢c yielding mercury and hydrogen; presumably the hydride, if
formed, decomposes at the reaction temperature;

Diethylmagnesium reacts with lithium aluminium hydride to ghm
magnesium hydride which contains ether and often aluminium, the amounts
of impurities depending on the concentration of solutions, proportion of
reactants, and order of additioen.

Lithium aluminium hydride also reduces diphenylmercury, 134. .
and zinc, 135+ cadmium 136 and mercury 13611) iodides but pure hydrides

have not been obtained, and the preparation of zinc hydride by reaction

135.

of zinc chloride with aluminium chlorobydride was also found to
give an impure produét.

A Alkyl~- hydrogen exchange reactions between diethyl derivatives
of megnesium, zinc, cadmium and mercury and diethylaluminium hydride,

128. priethylaluminium,

in the absence of gsolvent, have been investigated.
indicating exchange had occurred,'was isolated in every case;but the
only hydride isclated was.that of magnesium. The magnesium hydride
igsolated was 97% pure, although no mention.of the impurity
waslmade; Zinc and cadmiﬁm compounds reacted liberating hydrogen

and depositing the metal in the temperature range 250—5000;
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Diethylmercury reacted with the formation of hydrogen, ethane and
mercury. The formation of ethane indicates the probably formation
of ethylmercury hydride as an intermediate which breaks down into
ethane and mercury. The formation of ethane indicates the probable
formation of ethylmercury hydride as an iﬁtermediate which breaks
down into ethane and mercury or reacts with diethylaluminium hydride
to give mercury hydride which subsequently breaks down to mercury
and. hydrogen. |

Ethylmagnesium hydride has been prepared by reaection gf
156.

diethylmagnesium and sodium triethyboron hydride in ether:

BH—> 'EtMgH' + NaEt B

Et, M.+ NaEt 4

28 3

However, the product, isolated in solution only, is stable at low
temperatures only, disproportionating into magnesium hydride and
diethylmaghesium,atngoom“tenqudture.

Thé reaction of ferric chloride, excess phenylmagnesium
bromide and hydrqgen‘has‘been studied as a possible method of producing
Fe-H bondé??howevér, the infrared spectra and the chemical and thermo-
graphis analysis of the product supported the conclusion that it con-
tained Mg-H bonds. No further description of the product is available

_ The reéction of diethylzinc and triethylstannane has been
investigated 137. and although tetraethyltin was isolated, indicating
théf alkyl-hydrogen exchange had taken place, the only other‘products
were zinc metal and ethane. The ethylzinc hydride presumably decomposes

under the conditions of feaction.

38-

Dimethylzinc is reported 1 to react with diborane with the
formation of an apparently polymeric, mixed hydride—borohydride
(HZnBH4)n,'no exberim§§$al cond;iisnbeing reported. However, a more
recent investigation * has shown that the two react with the formation
of methylzinc borohydride and zinc hydride according to the equation:

2 Me,Zn + ByH, ——> MeZnBH, + ZnH, + Ne.B

2 2 4

3
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The methylainc borohydride formed is a volatile solid which reacts
with trimethylamine 137 with the formation of dimethylzinc-trimethylamine

and zinc borohydride:

2 MeZnBH, + NMe,— Me

4 3 oZn.Nileg+ Zn(BH 4) 2

Some Organozinc compounds also form aniomic hydride complexes
in a way similar to the analogous beryllium compounds. ‘Thus diphénylzinc 65.
forms the complex etyfrate,‘LiPh2ZnH.OEt2’ with lithium hydride. The
compound[NaH (EtZZn)QJn’ has been prepared by reaction of sodium hydride
with diethylzinc in 'monoglyme' or 'diglyme', although attempts to

139.

isolate it resulted in its decomposition A similar compound

[ﬁaH(Bu;Be)é]n has recently been prepared by reaction of sodium hydride
" with di-tertiary-butylberyllium in ether.36' Sodium hydride also
reacts 139. with zinc chloride in glycol ethers forming[NaH(ZnClz)é]n’
which was not isolated. A competing reaction appeared to occur since
sodium chloride and zinc metal were deposited, accompanied by some gas

evolution.

140. of the preparation of the Grignard

The original claim
reagent (HMgX) derived from hydrogen as bis-tetrahydrofuran and ether
complexes from the reactions of ethylmagnesium halides with diborane at

o]
25 C.

Bz»Hé + 6BtlgK ——» 6HMgK + 2BT.B

137,141. has shown that

have since been disproved. A more recent work
the bis-tetrahydrofuran complex of chloromagnesium borohydride is

formed by reaction of ethylmagnesium chloride and diborane in tetrahydrofura

3 EtlNgCl + 2 B2H6——+3 GMgBH4 + Et3B

It is also claimed that XHMgX) is formed by the pyrolysis of

Grignard reagents:

0
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220°¢C
C2H5MgBr' — 02H4 + HMgBr

‘ However, this compound has been described 144 by later
workers as a mixture of magne81um hydride and bromide since at 300 -350 ¢
it decomposes into magnesium, hydrogen and magnesium bromide.

Some dialkylmagnesium derivafives decompose at elevated tempera-—
tures evolving olefin and leaving magnesium hydride as the involatile
residue, although side reactions are indicated by the formation of
some paraffin.-l44’l45' —

The reactions between diethylmagnesium and diborane appear to
be relatively complex, 145,146,147,148. Excess diborane produces
magnesium borohydride as a white microcrystalline precipitate. 145.
If excess diborane is not used, the reaction proceeds in several stages,
and is affected by the pfesence of triethylaluminium which catalyses
the reaction.

High pressure and temperature reactions of magnesium and

hydrogen in the presence of magnesium iodide result in the formation

. of.magnes1um hydride. 149.
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EXPERIMENTAL

Apparatus and Techniques

Nitrogen Supply

SinCe'most of the cpmpounds'studied regct rapidly with oxygen

and moisture, all the work described was carried out in an atmosphere
of dry, oxygen-free nitrogen.
"White-spot'" nitrogen was passed through a column of copper at
350O - 4OOOC to remove oxygen, and then through two traps cooled in
liquid nitrogen to remove water.
The.copper column was preﬁared by reducing copper oxide wire in
a streanof hydrogen gas at 200° - 25000, and was periodically regenerated
in theAsame,way. ' ' .
Handling Techniques
The high toxicity of beryllium oxide means that beryllium compounds

mist be handled with extreme care, particularly when fumes of the oxide
are formed on exposure to air.

Many reactlons were carried out in a fume cupboard and transferrence
‘of solids from one vessel %o another was performed in a glove-box filled
with dry, oxygen-free nitrogen.

Whenever convenient, starting materials were stored as solutions,
such as diethylberyllium in ether and dimethylaluminium hydride in
methylpybbbhexéne. Such solutions were conveniently transferred by using
a hypodermic syringe and néedle, thus minimising exposure to air.

Glove~box ‘

The glove-box contéined an atmosphere of dry, oxygen-free nitrogen,
Purification of the nitrogen was achieved by the methods described above.
A'small circulatory pump, situated within the box, was employed to recycle the
nitrogen atmosphere through the purification system whenever the box was
not in use.

Due to the permeability of the tubing conventionally used for

nitrogen systems (rubber, neoprene and P.V.C.) to oxygen, all nitrogen
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supply and purification systems were fitted with glass or copper tubing
A(3/l6" 0.0.). Joints between glass and copper were made with thick-wall
' pressure tubing, the final joint: belng coated with a beeswax/vasellne

mlxture to minimise permeability to oxygen.
When fitted as described the glove-box was found to have an

average oxygen content of 200-300 ppm, under which conditions the
handling of extremely air-sensitive compounds without serious decomposition
was possible. '

Vacuum Apparatuss

A vacuum appgratus ' was available and consisted of three main
gsections:

Qi) Storage

Volatile solids and liquids were stored in small tubes connected
through mercury float valves to the main line. Gases were stored in
1arge bulhs (3 litre) fitted with a manometer and cold finger.

(ii) Gas Analysis

A Topler pump and gas burette were,used to measure gases not

condensed by liquid nitrogen. Two calibrated bulbs attached to a manometer _
were used for measurement of condensable gases. This system was calibrated
with known quantities of carbon dioxide.

A couﬁgstion bulb for analysis of géseous mixtures could be
attached to the apparatus as required. |
'(iii) Fractionation

Three U—traps, connected by mercury float-valves to each other

and separately to-the'méin‘line, enabled separation of volatile mixtures

to be achleved.

Tensimetric Tltratlon Apparatus
A reaction tube, of small volume, and-a double limb mercury mano-

meter were connected through a mercury float valve to the main vacuum line.
Non-volatile reactants were introduced into the reaction tube as pre-weighed

samplés (against a.counfer—ourrent of nitrogen.) After sealing the apparatus
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énd evacuating it, volatile reactants,<ﬁeasured in the heasﬁring bulbs,

were condéﬁséd into the tube. Reactants were allowed to come %o equ111br1um,
usually at 0° c, whlch often took several days, before further manipulations.
When equilibrium had been reached, excess volatlle_reactants were removed
step-wise from the system and megsured. The preééure within syétem was
‘plotted against the molar-ratio 6f-rgactants and the plot examined to
determine the stoichiometry of the products.

Molecular weight measurements

Molecular weights were measured cryoscoplcally in benzene solutlon.
The cryoscopic constant of the benzene, dried by standing over sodium
~wire before use, was determined using freshly sublimed biphéhyl.
Infra-red Specétroscopy ' A ‘

Infrared spectra were recorded on either a Grubb-Parsons GS24

or a Grubb-Parsons prisuhgrating Spectromaster.
Air sensitive solldswere examined as nuJol mulls, and liquids’

as- contact films between pota3s1um bromlde discs.- Spectra were recorded

" over the range 4000-400 cm. -1

Analees
' Berylllum analyses

The method used to estimate beryllium was that developed, Dr. L. Branford
formerly of this department. It involves titration of the alkaline solution
formed byiaddition of éxcess-potassium fluoride to ber&llium hydroxide.

Be(OH).z + 4T — BeF; + 208"

The method_requireé'standardisation under closely controlled
condifions, and thé calibration procedure described below must be
strictly followed. . | |

Aliquots of a standard berylllum solution, (O Ol M BeSO ),

‘were taken to cover the.range O—6tng Bez*. To each was added 5 cc. of a
0.5 M potassium sodium tartrate solution, 2 drops of a 0.1% alcoholic solution

of bromothymol blue, and the solution titrated with dilute sodium hydroxide to
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a green end-point. Then was added 5 cc. of a i M potassium fluoride
solu{ieh, and the resulting blue solution set aside for about 2 minutes
before titrating with O.l N sulphuric acid to a green end-point. A
linear calibration gfaph of beryllium concentration against volume of
éeid-titrant was plotted. The solutions resulting ffom hydrolysis of
the compoﬁnds to be analysed were treated in the same way, and very

satisfactory results were obtained.

In some~cases when bases (e,g. amines) were present in the hydrolysis
solution, it was found necessary to remove them by ether extraction or
oxidation by fuming to dryness with concentrated nitric acid.

Gas Analyses:
Compounds evolving gases on hydrolysis were analysed by adding

"degassed" 2-methoxyethanol to a weighed sample cooled with liquid nitrogen.
The mixiture was allowed to warm to the room temperature during which
time gas evolution took place. The warming-up process was carefully
coﬁtrolled to ensure slow hydrolysis, as vigorous gas evolution often
results in side reactions occuring. Hydrolysis was completed with -
dilute sulphuric acid and the gases liberated were fractionated, measured
in the vacuumline, and identified by their infrared spectra.

" Methane and hydrogen mixtures were often generated by hydrolysis
of some of the compounds examlned and the two gases cannot be separated
by fractlonatlon as neither is completely condensable in liquid nitrogen.

The following procedure was thefefore adopted.
A measured volume of the methane/hydrogen mlxture was mixed with

excess oxygen within a 200 cc. combustlon bulb and ignited by passed an
electric current through a platinum spiral inside the bulb. The products
of the combustlon, carbon dioxide -and water were separated from excess
oxygen and eath other. The carbon dioxide was measured in the gas burette
and the water condensed on to lithium aluminium hydride, the hydrogen

produced being measured thus giving the quantity of water produced.
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Phenyl analyses

Analysis of phenylberyllium derivatives ig'difficult, as benzene
produced by normal hydrolysis techniques cannot readily be separate& from
the hydrolysis reagents, water and 2-methoxyethanol. The following method
was therefore developed.

About 0.2 gme. of the compound to be analysed was weighed into
a reaction tube in the glove box, the volume of the tube being about 200 cc.
The tube was evacuated and an excess of dry hydrogen chloride, produced
by reaction of concentrated sulphuric acid with dry sodium chloride, condensed
into the tube. The tube was sealed ét a constriction provided -and allowed
to warm slowly to -7800. The tube was kept at —7800 for one hour, during
which time the decomposition of the compound was almosp complete. However,
experience showed that to complete the reaction the reaction vessel must
~be heated in an oven at 160°¢C overnight for reliable results to be obtained.

The reaction tube was cooled in liquid nitrogen and opened to
~the vacuum line via a break-off sidearm provided. On warming to room
fempérature the benzene produced by the maction was condensed into a
4t:ap cooled to -78°C, the excess hydrogen chloride being pumped away.
. The benzene was then estimated by condensing into a weighed V - tube
and reweighing. ' |
This method was found‘to be entirely satisfactory when the Volatilé

products of the reaction were separable.
el e K H
e.g. Ph,Be (OEtz)n +mACL—2 CH, + Be(l, (OEtz)n + (M-2)HG1

However, in some cases the products were found to be difficult to separate,
e.g. benzene and methanol from phenylberylllum methoxide, and in other
8ases the hydrogen chloride produced decomposition of the products of

the initial decomposition and the complicated mixture of final products

" was .inseparable.
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Amine analyses’

These were estimated by steam distillation from an alkaline

solution containing the amine into excess standard acid. The excess

acid was determined by back-titration with standard alkali.

Preparation and Purification of Solvents and Starting Materials

Dlethyl Ether _
' "Anhydrous Methylated Ether" was dried by standlng over sodium

wire for several days, and distilled from lithium aluminium hydride just
before use.-

Pentane and Hexane

These solvents were dried and purlfled by the same method used

for diethyl ether.
Benzene
"Aﬁélar" benzene was dried by standing over sodium wire for
several days before use.
Methylcyclohexane '
This was purified énd dried‘by twice distilling from sodium,

the fraction boiling 101510200 being collected. This was stored over

godium wire.

Xylene '

» Purification of this solvent was carried out by the method used
for methylcyclohexane, the fraction boiling 1380—14000 being collected.

"Monoglxmé"(l,Z - Dimethoxyethane or Ethylene glycol dimethyl ether)

The impure liquid was refluxed with potassiuﬁ for several hours
and -distilled. After repetition of this process, final distillation from
lithium aluminium hydride just before use was carried out.

Trimethylamlne . N .
Trimethylamine was dried by standing over phosphorus pentoxide

and distilled from it as required. ’
N,N,N',N', - Tetramethylethylenediame

This chelating diamine was purified and dried by refluxing

with sodium metal and distilling just before use
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N,N,N',N', — Tetramethyl—-o-phenylendiamine )

This was avallable in the department and had been prepared by
Dr. N. A. Bell by the following method. O-phenylenediamspedihydrochloride 68.
was treated with excess methanol at 175° — 185°C. The mixture of N-methylated

onhenylenediamines 69+ obtained were treated with equal volumes of methyl-
iodide at 180 -185 C from which reaction N,N,N',N' - tetramethyl—o—phenylene-
dlame78as 1solated and distilled b.pt. 360/10 =3 m.m. The product was
stored under nitrogen at -20°C in the absence of light, as it tends to
decompbse with the formation of dark-coloured product in air and light.
Dimethylamine o

Since commercial dimethylamine hydrochloride usually contains

traces of ammonium, methylamine and trimethylamine hydrochlorides, pure

T1.

dimethylamine was prepared by the following method

MezNH JHCU + NaNO-————)NéCI+ MeQNNO + H 0
An'equeous’acid solution of commercial dimethylamine hydrochloride
was heated at 75O - 80° wifh excess dodium nitrite for three hours.
The resulting solution, when cool, was mturated with sodium carbonate,
the pale yellow oil which separated was_isolated.and combined with éthereal
'eitracts of the aqueous iayer.4 The mixiure was dried over anhydrous
pot3531um carbonate, and subsequent fractional distillation gave a 90%

yleld of pale yellow N-dimethylnitrosamine b.pt. 148 -150 °¢

Me,,NNO + 2HCl— NOC1 + MezNH.HGI

The nitrosamine was refluxed with twe-moles of 4N hydrochloric
acid until the solution was pale yellow. Treatment of the solution with
excess aqueous po+a351um hydrox1de liberated pure dlmethylamlne which
was dried by passing through a column of potassium hydroxide pellets

several tlmes,andeflnallystored in the,vacuum line.




_59_

Methanol

‘ Methanol was refluxed with magnesium_tumings. for several hours.
The fradtion boiling 68.8 - 7QO°C was &olleBted and used without further
purification. | ' ‘

Diphenylamine

. Crude diphenylamine was purified by boiling with animal charcoal
in hexane and subsequently recrystallised from the same solvent twice
before drying under reduced pressure, m.p. 52.800.

N,N}N&, ~ Trimethylethylenediamine '

The‘crude liquid was refluxed with a small amount of lithium

aluminium hydride for twenty minutes, and subsequehtly fractionated.
The fraction boiling 114 - 116°C was collected and used.
2,2' = bipyridyl ' '

2;2; - Bipyridyl was available in the departﬁent and purified

by vacuum sublimation (70—800/0.1 m.m. ) before use;as‘exposure to light
and air results in brown décomposition products being formed.

Trimethylphosphine .

This was stored in dilute sulphuric acid solution. Treatment of the
solution with a concentrated solutionn of potassium hydroxide liberated the
phosphine, Whiqh was dried over .solid potassium h&droxide and measured
in the vacuum line before use.

Dimethylsulphide and Diethylsulphide

Commercial samples of these sulphides were available, both of

which purified by refluxing with sodium (to remove water) and copper
powder (to remove thiols). Subsequent fractional distillation of each
sample gave dimethylsulphide,b.pt. 36°-36:5°C, and diethylsulphide, b.pt. 92°C.
2,5 = Dithiahezane '
o Purification of this compound was achieved by refluxing with

sodium and subsequent fractional distillation, b.pt. 181°.

Dimethylether
A éample of this compound was availablel prepared by Dr. N. A, Bell

by reaction ef sodium methexide and methyliodide. It was stored and measured in

the vacuum line.
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Lithium Reagents .
. Methyl-, ethyl-, and phenyl-lithium were prepared in 80-90%
. yields from the corresponding alkyl or aryl halide and 1lithium shot

in ether.

Grignard Reagents

These were prepared from the reaction of alkyl or aryl bromides

with magnésium in about 90% yield in diethyl ether.

Beryllium chloride 2'17°

This Wasipréparéd by heating beryllium powder iﬁ dry chloride
gas. The product was sublimed from the reaction tube into a receiver
flask which was then sealed from the reaction tube.

Dimethylberyllium '
:_ Solutions of dimethylberylliﬁm in diethyl ether were prepared
in 65 - 0% yield both by the addition of two molesof methylmagnesium

~ bromide %o one fiole of beryllium chloride and addition of two moles of
methyl-lithium to one mole of beryllium chloride in ether. The solution
was decanted from precipitated halides, which were washed with ether
aﬁd most of the ether removed by distillation. The dimethylberyllium
was then purified by a process of continous "ether’disfillation" at
180°=200°C to achieve separation from dissolved salts.l4' In generad,
_ a preparation yielding one half mole of dimethylberyllium required 24
hours distillatioh for coﬁplete transference of the beryllium compound.
The solution .was analysed by hydrolysis for hydrolyséble methyl and ‘
beryllium. ‘
Diethylberyllium , :
A Ethereal solutions of diethylberyllium were prepared in 70—75%

14.

‘yield by addition of two moles of ethylmagnesium bromide to one mole . of
beryllium chloride in ethery The solution was decanted from precipitated
salts, which were washed with ether, and distilled to low volume. The
remaining ether was removed under vacuum and subsequent distillation

gave diethylberyllium, a colourless liquid b.pt. 60° - 65°C/0.3 M. m.
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Several reactlons 1nvest1gated required diethylberyllium completely
ether—free. .Slnce complete separation from ether is not achieved by
vacuum distillation or even by prolonged pumping in high vacuum the following
method, dereloped by Stbhmeier and co;workers, 60. was used:

Potassium fluoride (15g., 0.258 mole.), dried by grinding at
400 C was added to 280 ml. of a 1. 30 m. (0.464 mole) solution of ethereal
diethylberyllium. The mixture was heated at 65°C with stirring for three
heurs. At fifteen minutes intervals the mixture was pumped to remove
ether. After three hours nearly all the potassium fluoride had dissolved
- and slightly viscous mixture remained. When‘pumped in a high vacuum
the solution slowly deposited a white crystalline solid as the last traces
: ,of ether were removed. After pum@ing at 40°D for fifteen minutes the
white grystalline solid, KF(BeEt ) ‘and some excess potassium fluoride, was
transferred to a double SChlenk tube and washed with three 20 ml. portions of
dry hexane. The gsolid’ was then transferred, under nltrogen into a high
~vacuum dlstlllatlon apparatus, designed so that the distillate did not come
1nto .contract w1th any greased ground-glass joints.

When heated in the high vacuum the solid melted in the range 85 - 90 c,
the.resultlng liquid frothed vigorously in the range 105 - 120° and
. diethylberyllium distilled slowly from the mixture and solid residue remaining.
The diethylberyllium was then redistilled and eollected, in 60% yield as
a colourless liquid boiling at 65°C/0.2 - 0.4 m.m.

A weighed sample (0.0501 g.) of diethylberyllium was analysed
by hydrolysis; Found: Be, 13.4: Hydrolysable ethyl; 86.5: - hydride,
none; ether,‘none. 4 18Be'requires Be, 13 53 Hydrolyzable eth&l, 86.5.)

The distillate was dissolved in 200 ml. of dry hexane, which was
standardised by hydrolysis and found to-be 0.815 M.
Diethylmercury

This oompound was available -in the department. Distillation before

use, b pt. 159C ¢ was the only purlflcation necessary.
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Diphenylmercury : -

This was obtained in 90-95%yield by reduction 12°

of phenyl-
mercury chloride with hydrazine hydrate in refluxing methanol, followed
by crystallisation and sublimation of the product (as colourbess needles,
mpt. 1230-12400.)_ As diphenylmercury is somewhat sensitive to light,
turniﬁg yellow when exposed to light for several days, it was stored

in the dark. '

.Diphénylberllium

Although reaction of diphenylmercury with beryllium powder at
200° - 220°C is claimed 64’51 14. to give diphenylberyllium in good yield,
1t was found that some decompos1t10n (charring) occurred which complicated
purification of the product. 'A much cléaner reaction results when the
same reagents are heated iﬁ zylene at 140°R3for geventy~two hours. It
was found that activation of the beryllium, by éténding in ethereal diethyl-
'berylllum overnight before use or alternatlvely by addition of mercuric
chlorlde to the reaction mixture,was imperative for good yields. Diphenyl-
"iberylllum was isolated by filtration from the cooled reaction mixture
and shbsequent’soxhlet'extraction with benzene. Diphenylberyllium prepared
in this way was a white solid, m.pt. 248° - 250°C with decomposition.

Attempts to prepare diphenylberyllium by reaction of two moles
of phenylmagnesium bromide and one mole of beryllium chloride in ether
and subsequent crystallisation from ether or benzers initially met with
failure due to contémination of the product with magnesium halides, which
are slightly soluble in ether and benzene/ether mixtures. Howevéi, this
problem was overcome in a late stage in this work in the following way.
Solutions:of magnesium dialkyls and diarylé have been prepared 150,151, 152.
by addition of dioxan to Grignard reagents which causes disproportionation
and preéipitation of magnesium halide dioxan complexes. "Filtration yields
a solution of the appropriate dialkyl or dlaryl magnesium which requires

no further purlflcatlon.
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Thus by addition of dioxan to the solution obtained by addition
of phenylmagnesium bromide (1.98 moles) to beryllium chloride (1 mole)
in ether, it was hoped toprecipitate all magnesium halides and any excess
beryllium chloride as insoluble dioxan complexes. A typical preparation

is now described.

To a solution of beryllium chloride ( 6.81g; 0.0851 mole) in 150 ml.
of ether phenylmagnesium bromide (0.162 moles, 168.0 ml. of a'0.96M
solution in ether) was added. After the reaction mixture had been stirred
for half an hour,vdioxan (29.00 g., 0.34 moles) in 100 ml. of ether was

" added dropwise with vigorous stirring. The mixtﬁre was stirred overnight
t0 ensure domplete precipitation and‘coagulation of the precipitate, and
then filtered. o '

The resulting solution was analysed for beryllium and hydrolysable-

~ phenyl and found to be 0.54.M, the yield being about 60%. Purification

was achieved by crystallisation ’of. the bis—etherate thBe.(OEtz)2 65

and redissolving this in ether to give a Solution which was restandardised.
Earlier observations during this work on the constitution of the so-called
bis;etherate have shown it +o0 have a dissociation pressure of ether
(approx. 15 m.m; at OOC) and the product obtained by pumping the crystals
dry at room temperatu;e had a variable constitution, Ph2Be (0Et2)n where
i¥n{2, the actual composition depending on the length of time the product
was pumped. Because of %his uncertainty of composition only solutions

of the etherate in ether were used.

Various pbinfs emerged from experiments in the preparatiop of
diphenylberyllium by this method and the following instructions must
be observed to obtain a product uncontaminated with magnesium and halide:

 (a) A slight deficiency of grignard reagent mst be used, otherwise

diphenyl magnesium will contaminate the product:

2 PhligBr + dioxan—Ph,lg + M’gBrz(dioxan)2

(b) The exact quantity of dioxan (2 moles for every mole of

~magnesium halide) to'precipitaté the magnesium halides as dioxan complexes
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must be added. A deficiency or excess of dioxan causes the resulting
solution to be contaminated with halogen.
" Dimethylaluminium chloride '

Methylaluminium sesquichloride, available in bulk in the department,
was mixed with excess sodium.chloride. The mixture was heated, with

stirring, at 140°C for 3 hours. 3.

Me

3vA12 C]3 * NaC'i-—(——)‘ Na MeAl(G]3 + Me AlCL

The dimethylaluminium chloride was distilled from the involatile sodium
methyl trichloroaluminate at atmospheric pressure. Redistillation of the
distillate gave dimethylaluminium chloride, a colourless liquid b.pt. 125o -
126°C, in 80-85% yield.

Dimethylaluminium hydride

Several preparations of this compound were attempted by the following

reaction:

LiAlH4 + MezAIG + 2Me2A1-—§ﬁ29—9 Li® + 4 MezAlH
Decantation of the solution from precipitated salts, evaporation
of ether to low volume and'high'vacuum distillation of the resulting solution

14.

were carried out. Dimethylaluminium hydride is described as a colourless
viscous liquid, distilling at 60° — 65°/0.005 m.m. and the product from

the above reaction answered this description in all respects, but when
allowed to warm to room temperature ahd dissolve in the solvent ether

(the receiver was cooled to -19606) the initially clear sclution slowly
deposited a voluminous white precipitafe. Thg result of further distillations
was the same, a clear solution being obtainéd at about 4100 to 0°C which
slowly deposited a white solid, slowly at 0°C and rapidly at ambient
temperatures. Analysis of the solid showed it to contain hydrolyzable
hydrogen and aluminium in the ratio 2.98 s 1 and no hydrolyzable methyl groups.
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The solution_was shown to.contain hydrolyzable methyl, aluminium and
hydrolyzable hydrogen in the approximate ratio 2.3: 1 & 0.7. It was
also found that if the solution was filtered, the white solid being
retained on a sintered disc, the filtrate, although initially cleér,
rapidly deposited further white solid. _ |

It is obvious from the above experimental observations that
dimethylaluminium Hydride disproportionates in ether solution.

-_ﬁ- N
3 MezAlH AlH3 + 21E93A1

There is no mention of such a disproportionation of
dimethylaluminium hydride in the literature, but diethylaluminium
hjdride is said to undergo a similar reaction in ether solution.75'
| However, the deposition of solid is not significant unless the solution
is allowed to stand for several days and the disproportionation is not

considered to be of practical importance. Dimethylaluminium hydride
was succegsfully prepared by reaction of trimethylaluminium with excess
lithium aluminium hydride in methyleyclohexane at 706C.
Triethyl—stannane

Triethyl-sﬁannane had been prepared in this depariment by
Dr. N. A. Bell. Triethyltin chloride was prepared by reaction of.
- tetraethyltin and stannic chloride in the appropriate proportions.
Disfiilation under reduced pressure gave a colourless liquid be.Dte 82°
~ 82.5°/10 m.m. 173*

3 Et4Sn + SnGL4——h4E‘b3 Sndd.

: : |
Triethyltinchloride was then reduced with lithium aluminium hydride in |

ethereal solution. Subseqguent removal of solvent and fractional ' - 1544

: s s ]
distillation under reduced pressure gave a colourless liquid, b.pt.44 /16 Mmeme

: i LiAla
4 Et3SnGl+ L1A1H4——>4Et3SnH + LiAl 4

\
‘The product was stored under nitrogen at -ZQOC to inhibit any decomposition. }
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However, it was found necessary to distil under reduced pressure
before use as in such a distillation a white involatile residue
always remained. The composition of the residue is unknown.

Triphenyltin chloride 153,155

A mixture of tetraphenyltin and stannic chloride, in appropriate
proportions, were heated at 2050 - 21500 for three hours at at 180° - 19000

The product was then crystallised by Soxhlet extraction with ether

in 5% yield, m.pt. 106°C.
152,159, 160

Triphenylstannane

Ph_Sn( + LiAlH4——9Ph SnH + AlH, + LiCl

3 3 3

Triphenyltin chloride (12.50 g., 0.0324 mole, ) was
introduced, as an e thereal slurry, on to the sinter of a Soxhlet extraction
apparatus. To the ether in the flask 23.1 ml. of a 1.39M (0.0321 mole., )
golution of lithium aluminium hydride in ether were added. The ether
was heated to 60°C and the refluxing solvent slowly extracted the
triphenylfin chloride into the solution. As the chloride was extracted
into solution a white precipitate slowly appeared. After one hour
all of the chloride had been extracted into solution and the mixture
was réfluxed for a further hour. The mixture was allowed to éool
‘and 5 ml. of methanol in 100 ml. of ether was added slowly, followed
by 100 ml. of a 2% solution of sodium potassium tartrate. The ether
layer was separate from the aqueous layer, which was washed with two
50 ml. portions of ether, and the combined extracts dried with
anhydrous magnesium sulphate. The ether was removed under reduced
pressure and the oily residue distilled in vacuo. Triphenyltih hydride

distilled as a colourless, slightly viscous liquid at 165o - 1680/0.1 - 0.3
m.m. in 60% yield.



- 67 -

Preliminary preparative experiments showed that the pressure in

the apparatus during distillation was very important. Attempted distillation

in high vacuum (0.00l m.m.) resulted in decomposition of the liquid into

a yellowish solid and aon-condensable gas, presumably hydrogen which was
pumped away. The solid, when recfystallised from benzene, was shown to
be tetraphenyltin, m.pt._225° - 226°C_and an identical infrared spectrum.

This agrees with experiments 160. on the decomposition of triphenyltin

hydride when heated or expésed to light.

Satisfactory results were obtained when the pressure was maintained
at 0.1 - 0.3 m.m« The product was stored under nitrogen in the dark and
found.to be quite-stable over a period of several weeks.

Tributylborate 161.

This compound was prepared by J. A, Heslop of this department by

reaction of boric acid with butanol:

B (OH) +3 :BuOH——>(Buo) B+ 3H03
Triethylborane

This was prepared in collaboration with J. A. Heslop by reaction

162.

of tributylborate with triethylaluminium:

(Buo)sB + Bt Al——Et

ty 3B+ (guo)3 Al

' TriethylaluminiumAwas slowly added to tributylborate, with stirring,
and triethylborane b.pt. 96 C was dlstllled from the mixture through a
short fractlonatlng column in 100% yleld.-
Sodium triethylborohydride.

Triethylboron in ether solution was added drop-wise to excess sodium

hydride suspended.in boiling ether. The resulting solﬁtion was Pifteredfrom

excess sodium hydride and analysed by hydrolysis for hydrolysable hydrogen,

sodium, and boron.

NaH + Et.B —2t—> e+, B

3
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EXPERIMENTAL RESULTS

Reaction of dimethylaluminium hydridé and dimethylberyllium
Dimethylberyllium (4.13 ml. of a 2.42 M solution in ether, 0.001

-mole.) was introduced by syringe into the cooled (-19600) reaction bulb A

of the high-vacuum reaction apparatus (diagram 1). Dimethylaluminium
hydride (5.73 ml. of a 1.75 M solution in methylcylcohexane, 0.001 mole.)
was similarly introduced, and the mixtﬁre allowed to warm to = room
temperature. The initially clear splution‘deposited a small amount of
white precipitate at OOC. No further-precipitatioh was observed as the
mixture was shaken arnd warmed to 4Q°C for 6ne hour.

Receiver bulb B was cooled to ;19600 and fhe appratus evacuadted.
After the solvents had distilled into B, the oily residue in A was
warmed %o 40°C. The oily residue slowly turhéd solid over a period 6f
fifteen.hours, after which time the apparatus was filied with nitrogen.
The distillate was removed as a solution in ether and methylcyclohexane
by syringe,
Analysis of the. distillate

The distillate was analysed, by hydrolysis with 2-methoxyethanol,
for hydrolyéable methyl- and hydrogen, and aluminium. (Found: hydrolysable
methyl-, 604 N ccj hydrogén, none; aluminium, 0.000981 mole. Ratior of
methyl; aluminium — 3.01:1

Analysis of solid residue

Attempts to analyse the reSidﬁe for beryliium by +the usual procedure
were complicated by the presence of aluminium, which interferes with the
procedure adopted. The analysis was taken no farther.

Reaction of diethylberyllium with triethylstanne at 70°C

Triethylstannaw 6.30g., 0.0327 mole.) was condensed into bulb A of
the high vacuum reaction apparatus and 19.5 ml. of a 1.57 M solution of
diethylberyllium in ether (0.0325 mole.) were added by syringe. The
mixture was heated to 4500 for two hours, during which time most of
ether distilled into receiver bulb B, and then at 7500 for a further two

hours.
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After allowing the reaction mixture to cool to room temperature, bulb B

was cooled to -=196°C and the apparatus slowly evacuated. All volatile
material was condensed into B over a period of fifteen hours, after which
time bulb A was heated to 4000 for two hours.. The initially mobile solution
slowly turned to a viscous.oil, which turned solid when heated at 40°C.
Ether (100 mi.)_qu condensed on to the solid residue, and trimethylamine
(850 Necc., 0.038 mole.) added: to: the mixture, which was allowed to stand
~at room temperéture.for fifteen minutes. The solid slowly dissolved

giving a clear, colourless solution.- The solution was transferred by
syringe into one arm of double Schlerik tube. On cooling the solution
to'-78°C a white solid slowly crystallised, which Wwas filkered on to the
sinter and pumped dry. The solid was then transferred into a sublimation
apparatus and heated to 40—4500 in high vacuum in an attempt to sublime

the product (EtBeH.NMe3)é’ as described in the literature.77° However,

even though a small amount of sclid was sublimed as colourless prisms

at 450/0.01 mm.; the major portion of the soiid slowly changed to a

viscoué liquid. Triﬁethylamine (identified by its gas phase infrared
spectrum) was found to be liberated during this change, and by condensing
excess trimethylaminé on to the viscous liquid a solid product was regenerated.
Furthef attempts to sublime'the solid at lower pressures and low temperatures
(3500/0.001 m.m.) resulted in the same decomposition. It was concluded that
ethylberyllium hydride;tfimethylamine, (EtBeH.NMe3)2 has aﬁ appreciable
dissociation pressure of trimethylamine at 45°C, and the- liquid residue had
a composition approximating to (EtBeH).(NMe3)# where o<n<l. Attempted
sublimation under a partial pressure of trimethylamineA(l mm.) was not
suébessful and in further preparations isolation of the trimethylamine
complex was achieved by low temperature crystallisation which gave very
satisfactory results, The product was identified by its infrared spectrum .

and metting-point, 101-102°C under nitrogen.
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Reaction of diethylberyllium with triethylstannane at 40°C
Triethylstannane (5.2g., 0.0252 mole.) and 16,0 ml. of a 1.57 M

solution of diethylberllium (0.0250 mole.) were introduced into the reaction

bulb A of the apparatus. The mixture was heated at 40°C for four hours.
‘After allowing it to cool to room temperature, a small sample was removed

by syringe and analysed by hydrolysis. (Found: hydrolysable ethyl, 18.95 Ncc:
hydfdgen, 10.4 Ncc: ratios «of ethyl: hydrogen = 1.82:1.)

The amount of triethylstannane (é.98_g., 0.0144'm01e.) required to
bring the ethyl; hydrogen ration to 1:1 was added to the mixture. The mixture
was then heated af 40°C for a further four hours. During this time a white
precipitate was slowly formed. .

The original aim: of this experiment was to prepare ethylberyllium
hydride by reaction at 40°C. The white precipitate was thought to indicate
that exchange had occurfed to such an extent that beryllium hydride, or some
compdupd approximating to BeHZ’ had been formed; Such a reacfionAis investi-
gated under slightly different conditions, and this reaction was investigated
no further; '

Reaction of dimethylberyllium with triethylstannane

Triethylstamane (5.49g., 0.0268 mole.) was condensed into the
reaction bulb A, and 18.6 ml. of 2 1.43 M solution of dimethylberllium
(0.0267 mole.) were added by syringe. The solution was heated at 65—7090
for four hoﬁrs. After the mixture had codled to room temperature, Teceiver
B was coéled to —196°C and the apparatus evacuatedd Over a period of fifteen
hoﬁrs all vblatile matter was collected in receiver B. The residue in
bulb A was a viscous oil. Ether (100 ml.) was condensed on {o the residue
_and the mixture allowed to stand at room temperature. A clear colourless
solution was obtained, a small sample of which was analysed by hydrolysié
(Found: Hydfolysablemethyl, 7.15 Ncc: hydrogen, T.06 Nbc: ethyl, none:
ratio methylk hydrogen = 1.01:1) '

: Tﬁe solution was used as a stock solution of methylberyllium

hjdride, (MeBeH)n for the following reactions:
?
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Reaction with trimethylamine

30 Mi. of the solution were transferred by syringe into one
arm of a double SChlenk tube. An excess of trimethylamine (400.Fcc.)
was cqndensed on to the sclution and the mixtire allowed to warm to
room temperature. Solvent wés removed under reduced pressure and the
solid residue heated at 4500 in high vacuum. Colourless prisms sublimed
at 400—4500/0.001 m.m.(found: Be,10.7; hydrolysable methyl, 17.6; hydrogen,
1.20%. C4H13BeN requireévBe,10.7; hydrolysable methyl, 17.8; hydrogen,
1.20%) The so0lid melted at 70—7200 and its infrared spectrum was
identical to that of (MeBeH.NMe3)2.77'

- Reaction with trimethylphosphine

Methylberyllium hydride, 30 ml. of the stock solution, was
transferred into one arm of a double Scéhlenk tube. -An excess of
trimethylphosphine (400 Ncc.) was condensed on to the solution. At
low temperature (about -5000) a white crystalline solid was observed,
which dissolved as the solution warmed to room temperature. By crystallisation
at low temperéture a white crystalline product was produced, which was
filtered on to the sinter and pumped dry af OOC.

tAttempts to handle the product in the glove-box for analysis end
preparatién of samples for infrared examined were complicated by the »
p.roduct slowly "losing weight," and 't';urning to an oily liquid when ground.
A1l observations indicated that the solid was losing trimethylphosphine,
probably having a dissociation pressure of trimethyiphosphine at ambient
" temperatures. A rough? analysis was attempted, (Found: about- 0.010 g
gave hydrolysable methyl, 16.4 Ncc., hydrogen, 16.3 Ncc,3; trimethylphosphine,
10.4 Ncc.; ratio methyl; hydrogen; phosphine = 1: 1l: 0.64.

By introduction of some of the solid into a small flask,and rapid
evacuation with the solid ffozen, it was estimated that the solid has
a dissoclation pressure of trimethylamine of about 2 cm. at 20-2500.

No further investigation or purification of the compound were

undertakens.
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Solubility of methylberyllium hydride in hexane

30 ML. of the solution were transferred into a two-necked 100 ml.

flask. The solvent ether was removed under reduced pressure and the oily
residue pumped in high vacuum for two hours. Hexane -( 20 ml.) was added
_to the residue, and.a clear solution was obtained on shaking. The hexane
was removed under reduced pressure and a white solid residue remainéd,,
which was only partially soluble in hexane. By two successive additions
and removals of heiane, a solid residue insoluble in hexane was ohtained.
When ether (2 ml.) was added to a suspension of fhe solid in hexane, a slear,
colourless solution was obtained after five minutes ghaking.
Reaction of diphenylberyllium with triphenylstannane (1)
Diphenylberyllium (2.06 g., 0.0134 mole.) was introduced in a
small weighing-tube, into one limb of a double Schlenk tube. Triphenyl-

stannane (4.50g. 0.0133 mole) was added in benzene ( 5ml.) by syringe.
‘The mixture was stirred at room temperature for one hour. During this
time the amount of solid in suspension had noticably increased, however
the solution was pale creamy yellow in colour. The mixture was heated
at 70°C for a further hour during which time the colour deepened to a
bright yellow. The benzene was removed under reduced pressure and
ether (50 ml.) was condensed on to the lightbrown solid residue. On -
stirring for 30 minutes the mixture was filtered giving a bright yellow
solution. A sample of the solutién was analysed by hydrolysis (Found:
hydrolysable hydrogen, 6.98 Ncc.;beryllium, 4.63 mg; ratio of beryllium:
hydrogen = 1.65 & 1) .

The experiment was investigated no further, as results indicate
only partial exchange.
Reaction of diphenylberyllium with triphenylstannane (II)

Diphenylbefyllium (1.84 g.; 0;0113 mole.) was intréduced, as a
solution in 15 ml. of ether, into one limb of a double Schlenk tube.

Triphenylstannane,(2.09g.; 0.0112 mole) in ether (20 ml.) was added by

syringe. The mixture was heated and stirred at 350-4000 for one hour.
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The solution remained clear during the whole operation.

Benzene (10 ml{) was added and the mixture heated at 70°C for
one hour. Dufing this operation ether slowly distilled from the reaction
mixture into the other limb of the double 8chlenk tube and a white solid
was.slowly deposited, and a slight'yellow colour developed. ~The- temperature
of the reaction mixture was raised to 75°C for a further hour. During the
final 30 minutes no further solid was precipitated, and'the colour deepened
to a bright yellow. The mixture was filtered and ether (10 ml.) was added.
A sﬁall sample of fhe solution was removed and analysed by hydrolysis
(Found: hydrolysable hydrogen, 12-38 Nces Be, 5.40 mg.; ratio of befyllium:
hydrogen = 1.02 & 1). ' :

' To the remainder of the solﬁtion 2.0 ml. of N,N,N',N' - tetramethyl-
ethylenediamine in 10 ml. of ether were added. A pale yellow solid was
immediately precipitated. The solid was filtered on to the sinter, washed
tﬁice with ether and pumped dry. The solid obtained was ereamy yellow
in colour. (Found. hydrolysable hydrogen, 0.435; Be, 4. 67; amine, 27.9;
ratio hydrogens: berylllum: amine = 2:2:1. 18H27B32N2{KPhBeH) Me NC H %;
requires hydrolysable hydrogen, 0.67; Be 6.04; amine, 39. 0)

' ~ The solution remaining from hydrolysis was extracted with benzene
before analysis for beryllium; a white solid (0.058 g.) was isolated on
evaporation of benzene. The solid melted at 220°C and its infrared spectrum
was similar to what would'be expected for a mixture of tetraphenyltin and
hpxaphehyl di-tin.

The infrared spectrum of the hydride_containing product was identical
to0 a spectrum of ((PhBeH) MezNC2H4NMe l prepared in this department by an
alternative method.36
Reactlons of . trlethylstannane with. ether—-free diethylberyllium
A. Triethylstannane (3.50 g«y 0.0175 mole) was condensed into one
limb of a double Schlenk tube. To the frozen hydride dlethylberylllum
(10.45 ml. of a 0.815M solution in hexane, 0.0086 mole.) was added,

the mixture allowed to warm to room temperature. When the reaction mixture

had warmed to OOC,a cloudiness in the initially clear solution was observed.
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On further standing gas evolution was observed, accompanied by precipitation
of a white solid. The mixture was heated at 600—7O°C for two hours.
Gas e&olution.ceased after 30 minutes and after one hour no further solid
was precipitated. However on filtering the solid from the solution, a
further slow precipitation from the..sdlution occurred. The solid that had
been filtered from solution was pumped and analysed. (Found: hydrolysable
ethyl, 46.8; hydrogen, 5.15; Be, 27.3%. Ratio of (H + Et)/Be = 1.99 : 1;
and hydrolysable ethyl, 49.53 hydrogen, 3.625 Be, 23. 1% Ratlo (H + Et)/Be =
2.00 : 1. ) '

The figures corresp0nd to comp031tlons E6 gi 1. 38 approximately

T9 weight % pure, and Eto 613 Be H1 4 approx1mately 76 weight p pure
‘respectively.
B. - Priethylstannane (1.08 g., 0.0052 mole.) was condensed into a reaction

tube, fitted with break-off side-arm. 3.12 ML. of a 0.815M2s0lution of
diethylbery}lium in hexane (0.00265 mole.) were added by syringe and the

tube sealed at a constriction provided. The reaction mixture was warmed

lto 65°C; gaé evolution and and precipitation occurring as before. The
reaction was allowed to proceed overnight. After 15 hours the tube was
 cobled to -19600 and opened via the break—off side-arm into a vacuum line

and the.gases evolved méésured and identified.

(Found: Gas volatile at —19600, 18.52 Nce's. The gas, when ignited with
eicess oxygen, gave no carbon dioxide; and was thus shown to be hydrogen.

- Gas volatile.at —78°C, none ) , | ‘

C.. Triethylstannane (4.28 g, 0.021 mole.) was condensed into one arm

of a double Schlenk tube and 12. 8 ml. of 0.815M solution of dlethylberylllum
in hexane (0.0104 mole.)_added by syringe. The double Schlenk tube was
connected to a vacuum line, the apparatus evacuated and the reactants allowed
to warm to room temperature and finélly heated -to 7000. The double Schlenk
‘tube was fitted with an "acetone/CO2" cold-finger to condense reactants

from the vapour phase back into the reaction mixture, Ths reaction was
allowed to proceed over a period of 20 houré, the gas evolved being collected

and measured in the T8pler pump. However, even after 20 hours gas evolution,
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although very slow, had not ceased and as the problem of maintaining vacuum—
tighf syétem over such an extended period in the presence of solvent, was
extremely difficult, the reaction mixture allowed to cool and the apparatus
filled with nitrogen). Subsequent filtration of the reaction mixture yielded
an initially clear .solution which slowly deposited a white precipitate over
a period'of days, indicating the reaction is very slow to reach completion.
In view of the slowness of the reaction obser?ed in the previous ‘
experiments, a piece of apparatus was designed to enable;the following operatiohs
to be carried out: (a) %o allow complete reaction in a vessel having no
greased joints, (b) to allow measurement of gas produced at completion
of reaction, (c) to allow separation of solid and solution. The
apparatus shown in diagram_EE was used for all following reactions between
triethylstannane and diethylberylliﬁm;.
‘Do | Triethyls{annané (2.71g., 0;13 mole.) was condensed into reaction
buld E of +he apparatus. 8.1 ML. of a 0.815 M solution of diéthylberyllium
in hexane (0.0661 mole.) were added by syringe through constriction A, the
apparatus evacudtedd and sealed at A. The reactants were allowed to warm
10 room temperature and the apparatus was maintained at 758 for eight wecks.
The reactants were cooled to —1968, the apparatus opened via “break—off side-
arm F into a high vacuum line and gas that had been evolved collected and
measured. The apparatus was sealed at construction B and the solid filtered
on the sinter. By dondensing hexane from receive D into the reaction bulb
E the solid was washed five times. The receiver D was cogled to —196°C
overnight to eﬁsure'all volatile material was condensed into D, and finally
consfriétion C was sealed bo separate solid and solution.
Analysis of prodﬁcts
i) . Gas

Pound: Gas volatile at -196°C, 46.5 Nec's. (Hydrogen). G%s volatile
at —7800, none.
i1) Solid |
| Found: Hydrokysable hydrogen, 3.77; ethyl, 18.4; Be, 19.4%
' Figures_correspond to nEtO.288 Be H1.7£ approximately 41 weight
% pure.
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Infrared examination of the s0lid showed the following features:
g(a) as amuja mulls a broad absorption cented at 1742 cm.§1,

(b) as eperfluorokerosene mull: weak absorptions in the region 3100~2900 cm

1'

iii) Solution
The solution was removed from bulb D by syringe and separated into
three fractions by pumping through two traps, maintained at —5000 and —19600
respectively. The residue, involatile at room tempeature wasacolouriess
viscous oil. This, and the fractions involatile at —SOOC and —19600 were
identified by their‘infrared spectra.
" Fraction involatile at -196°C

The infrared spectrum of this fraction, a colourless liquid, showed

it to be hexane.
Fraction involatile at =50°C

This fraction was identified as tetraethyltin, on comparison of its

164.

infrared spectrum with publishedspeftra.

Fraction 2+ involatile at 2590

164.

By comparison of its infrared spectrum with published spectra
tﬁis fraction was shown t6 hexaethyl di-tin. An attempt to weigh*each
individual fraction was made, but the results. correspond to a 180%fyield
of tetraethyltin, and it was assumed an.error had been made. The results
were diéregarded.
E. - Triethylstannane(2.87g., 0.014 mdle.) was condensed into bulb B of
a reaction vessel as shown in diagram II. 5.70 ml. of a 0.815M solution of
diethylberllium in hexane were added by syringe, the vessel exacuatédn
. and sealed at contriction A. The reactants were maintained at 75°C for
8 weeks, gas evolution and precipitétion occuring as before, and the
- products separated and examined in exactly the same way as described in

the previous experiment.
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Analys1s of products.
(i) Gas Gasvolatile at -196 C, 34.1 Ncc.(gave no carbon

dioxide on ignition with excess oxygen. Therefore,

it:was hydrogen).
(11) Solid
Found: hydrolysable hydrogen, 2. ll, ethyl, 9.03; Be 1l. 2%
' Figures correspond to Eto.257Be H1.74 approximately 22
walghtépure.
The infrared spectrum of the solid recorded as a mgol mull, showed
only one main feature, a broad absorption centred at 1743 cm. -1
" ¢iii) Solution ,
‘The solution was separated into 3 fractions as previously

~

described.
Fractlon involatile —196 C:

Thls fraction was shown to be hexane by examination of its infrared

spectrum.
Fraction involatile at -SOOC:
This infrared spectrum of this fraction was similar to that of
-10
The

tetraethyltin, but showed absorptions at 1801 cm."1 and 558 cm.
~ former is attributed toV(Sn-H) and the fraction assumed to be a mixture
of tetraethyltin and/triethyistannane.

Fraction involatile at 25°C

This fraction, a viscous, oily liquid, was shown,yby examination
of its ‘infrared spectrum, to be mainly hexaethyl di~tin. However, a rather
broad abgorptibn at 1796 c:m."1 is attributed to an involatile tin hydride,
probably a decomposition product of triethylstannane.

(iv) Examination of hydrolysis solution of solid

The solution resulting from hydrolysis of the solid product
was extracted with three 5 ml. portions of ether. The combined extracts
were dried over anhydrous megnesium sulphate and ether removed under
reduced pressure. The infrared spectrum of the residue, a very small
amount of white solid, was examiﬁed as atusol.mull. The spectirum was

very similar to that of hexa-ethyl di-tin and the residue was assumed
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‘to be an ethyltin derivative.
Thermal decomposition of triethylstannane .
Triethylstannéne (4.60g .) was condensed into a tube fitted with break-

off side-arm. The tube was sealed and heated at 7500 for 36 hours. The

tube was opened via the break-off side-arm into'a high vacuum line and gas
evolied collected, measured and idéntified. The residue, a colourless
liquid, was pumped to remove all volatile components leaving a colourless
viscéus oil.
Analysis of products
i) Gas involatile at —196°C, 107.4 Ncc. (Hydrogen,gave no carbon dioxide
on igniting with excess oxygen)

Gas volatile at —7800, none.

ii) Volatile compinent of residue

Infrared examination of tﬁis fraction showed it to be
triethylstannane.
iii) Involatile residue

The infrared spectrum of this fraction showed absorptions

- attributable to hexa—ethyl di-tin and triethylstannane. However, since
it is involatile at room temperature it is assumed to be a mixture of

hexa-ethyl di-tin and an involatile ethyltin hydride derivative.
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Reactions‘df ethylberyllium hydride—trimethylamine

Dimethylamine
Dimethylamine (33.1 Nec., 0.00148 mole.) was~ condensed on to
ethylberyllium hydride-trimethylamine (0.145g., 0.00148 mole.) in a

50 ml. two-necked flask connected to a high-vacuum line. The dimethylamine

was apparently absorbed to give a solid product which melted with evolution

of non-condensable gas. On warming to room temperature gas evolution was

. vigorous and complete in 15 minutes. All volatile productslwere collected

and measured in the vacuum line.
Found: Gas volatile at -19690, 15.7 Nee's, (hydrogen, gave no carbon
(0.0073 mole)dioxide on igniting with
_ : excess oxygen)
Gas volatile at —96°C, 16.1 Nec's '0.0074 mole)
(ethane, identified by
, ' infrared spectrum),
The infrared spectrum of the oily residue was recorded and showed a sharp

absorption at 1340 cm."1 No further experiments were carried out on this

- product, since the elbmination both hydrogen and ethane indicated that at

least two products had been formed.

. Diethylmercury

compdnents collected. The residue was mercury.

Trime thylamine-ethylberyllium hydride (0.0948g., 0.000968 mole.)
was introduced into a reaction tube fitted with break~off side-arm.
Diethylmercury (0.25g., 0.600968 mole.) was condensed into the tube; the
tube evacuated, sealed and the reactants allowed to warm to room temperature.
No visible signs of reaction were observéd. However, on warming to 60°C
gas evolution was observed and the mixture became liquid and gas'evolution
ceased. When cooled to room temperature the reaction mixture consisted
of a colourless liquid and metallic mercury.

The tube was opened gia the break-off side-arm and all volatile
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Found: Gas volatile at -196°C, none -
Gas volatile at -78°C, 21.0 Nec., 0.000968 mole.
(ethane, identified by infrared

spectrum, )

The liquid product involatile at —78°C, but volatile at room temp—

erature, was shown to be diethylberyllium-trimethylamine, EtzBe.NMe3
' ' ’ 98,

by comparison of its infrared spectrum with that of a known sample.

N,N,N',N' —~ Tetramethyl-o—phenylene diamine
N, N,N',N' tetramethyl-o—phenylenediamine 00.17g., 0.001 mole)

were added by syringe toéﬁhylberyllium hydride—trimethylamine (0.0878g.
0.000896 mole.) in a 50 mol. two-necked flask. The mixture was allowed

to stand at room temperature for .15 minutes, during which time no visible
sign of reaction was observed. On heating at'SOOC for one hour the hydride
complex slowly dissolved in the amine‘and a gas was slowly evolved. The
mixture was heated for a further 2 hours at 50°C,gas evolution, although
very slow, confinued throughouf this period. The gas was collected,
measured and identified in the vacuume line.

Found: ‘Gas volatile -40°C, 14.5 Nec., (trimethylamine, identified by
infrared speptrﬁm),o.0006 mole.)

' The residue was a viscous oil. The infrared spectrum of the oil
showed an absorption at 1325 cm._1 No attempt to purify the oil was

made.
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Reactions of diphenylberyllium with donor molecules

NyN,N',N' — Te@ramethyl-o—phenylenediamine
' Tetramethyl-o-phenylenediamine (0.76g., 0.00457 mole.) was added,
in § ml. of benzene, 4® diphenylbepdlium (0.0767¢, 0.00471 mole.) in

10 ml. of a 1:1 benzéne/ether mixture contained in one limb of a double

- Schlenk tube. After complete mixing the solution was pumped to low volume
when colourless crystals were deposited. The crystals were filtered on
‘the.sinter, washed with hexane and pumped dry.

On heating in a sealed tube, under nitrogen, the crystals melted
irreversibly at 260-261°C, with shrinking at 248-249°C. When heated in
high vacuum, amine was evolved at 70—7500 (identified by its infrared

spectrum). If heated rapidly to 160-165°C the product sublimed slowly,
accompanied by loss of amine. The product decbmposed slowly in air and
was slowly hydrolysed by water (Found: hydrolysable phenyl, 47.0; Be, 2.79;
M, cryoscopically in benzene, 327, 324 in 1.06, 0.53 weight 4 solutions
respectively. 022H26BeN2 requires hydrolysable phenyl, 47.1; Be, 2.82; M
327)

The molecular weight measurements correspond to degrees of
" association of.1.00, 0.99 respectively;
N,N,§',N' - Tetramethylethylenediamine

A solution of diphenylberyllium (1.09g, 0.00667 mole.) in 10 ml.
of a 1:1 benzene/ether mixture was.transferred by syringe into one limb
of a double Schlenk tube. Tetramethylethylenediamine (0.765g., 0.0067 mole.)

was added in 5 ml. of benzene. A slightly exothermic reaction occurred,

with deposition of a small amount of crystalline solid. Hexane 5 ml.
was added and the mixture boiled giving a clear solution. On cooling
cobourless crystalls (plates) were deposited. These were filtered on the
" sinter, washed with hexane and pumped dry.
When heated in a sealed tube, under nitrogen, the crystals decomposed

at 150-156°C, with shrinking at 98-99°C.
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The product slowly turned white in air and decomposed slowly in water.
(Found: diamine, 41.0., Be, 3.25; M, cryoscopically in benzene, 284, 278

in 1.10, 0.55 weight % solutions. 018H25N2Be requires diamine,'4l.6;;

Be, 3.23%;4, 279)
The molecular weight measurements correspond to degrees of association

of 1.02, 1.00 respectively.

1,2 — Dimethoxyethane

A solution of diphenylberylliﬁm (1436g., 0.00837 mole.) in ether
(10 ml.) was transferred by syringe to one limb of a double Schlenk
tube. Addition of 1,2-dimethoxyethane (0.88 g., 0.00 979 mole.) in
etherv(5 ml.) resulted in warming of the reaction mixture. The clear
solution was pumped to half-volume, whereupon crystals were deposited.
The small, needle-like crystals were filtered on the sinter and pumped
dry.

When heated in a sealed tube, under nltrogen, the crystals melted
reversibly at 143-145 C, with shrinking at 130-135 C, When exposed to
the air the crystals slowly turned liquid, and decomposed very slowly
in water. (Found hydrolysable, phenyl, 59.8; Be, 3.59: W, cryoscoplcally
in benzene, 258, 241 in 1.11, 0.55 weight % solutions respectively.
yBeO,, requires hydrolysable phenyl, 60.9; Be, 3 58; M, 253)

r"he molecular weight measurements correspond to degress of

16 20

association of 1@02, 0.97 respectlvely.
245 = Dithiahexane

Diphenylberyllium (1.39g., 0.00852 mole.) was transferred, in a
small glass tube under nitrogen, to one limb of a double Schlenk tube,

2, 5-Dithiahexane (1.04g., 0.00852 mole.) in benzene (15 ml.) was added

by syringe. The reaction mixture was boiled and stirred for ten minutes
during which time the diphenylberyllium dissolved giving a clear, colourless
solution. Hexane (5 ml.) was added and the solution allowed to cool and
stand overnight. Colourless crystals (needles) were slowly deposited,

which were filtered on the sinter and pumped dry.
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When heated in a sealed tube, the crystals melted reveréibly
at 127-12800. When exposed to air the crystals turned white, and
reacted slowly with dilute sulphuric acid, warming to 60°¢C being necessary
to completely dissolve the solid. (Found: Be,3i13; disulphide (weighed as
the PdCl2
0.80 weight % solutions respectively. C) M, S Be requires Be, 3.16; disulphide,
42.8; M, 285) B

The molecular weight measurements correspond to degrees of association

complex),41.9; M, cryoscopically in benzene, 279, 277 in 1.59,

of 0.98, 0.97 respectively.
Diethyl ether

Diphenylberyllium (1.62g., 0.0099 mole.) was dissolved in
diethyl ether (20 ml.) and the solution transferred to one limb of a

double Schenk tube. On cooling to -78°C, long, needle-like crystals
weré deposited, which were filtered on the sinter and pumped dry.

When heated in a sealed tube, under nitrogen, the crystals melted
‘irreversibly at 55.5900. The crystals reacted slowly with water and were
unaffected by short exposure to air. (Foqnd: hydrolysable phenyl, 61.6; v
Be, 3.60 %; ratio of phenyl: beryllium = 2.00 : 1. 02033002Be, Ph2Be.(QEt2)2,
requlres hydrolysable. phenyl, 49.5; Be, 2.9 % Cl6 20O Be, PhQBe.OEtz’
requires hydrolysable phenyl, 65.0; Be, 3,79P)

Tfimethylamine

Diphenylberyllium (0.045g., 0.00518 mole.) was transferred o one

limb of a double ScHenk tube in a small weighing—tube. Benzene (15 ml.)

was added and excess trimethylamine (400.Ncq) was condensed on to the
mixture. On allowing to warm'to Troom temperature'and stirring for 15
minutes, the diphenylberyllium slowly dissolved. When hexane (10 ml.)
was added and the solution allowed to stand, white,needle-like crystals
were deposited; The crystals'were filtered on the sinter and pumped 4ry.
‘When heated in a sealed tube, under nitrogen, the product melted
~ at 65-67.50C. (Found: hydrolysable phenyl, 64.8; Be, 3.88%;ratio
of phenyl: beryllium = 1.99 & 1. C gH.g 2Be, Ph2Be ( WM 3)2, requires

hydrolysable phenyl, 56.8; Be, 3.21%. Gi5 19N Be, thBe.NMe3 require

hydrolysable phenyl, 69.4; Be, 4.06 %.)
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Tensimetric titrations of diphenylberyllium with donor molecules

The reactions of diphenylberyllium with diethyl ether and trimethy-

lgmine resulted in the isolation of products, which correspond to
compositions intermediate between the 2:1 and 1l:1 coqrdination complexes.,
These unexpected results prompted the tensimetric investigations of
various diphenylberyllium/ donor molecules systems. The equilibrium
pressure (pmm.) at 0°C was plotted égainst the mole ratio of donor molecule

against diphenylberyllium.

Mensimetric $itration of diphenylberyllium with diethyl ether at OOC
' Weight of diphenylberyllium = 0.5539g. (75.9 Nec.)

Vol. Et,0 (cc) EEETE Et,0/Ph,Be
259.3 170.1 3.41
210.8 - 166.2 2.78
198.0 165.7 2.61
163.8 118.3 2.16
158.4° ' 86.1 . © 2,09
149.2 117.3 1.97
146.5 17.1 1.93
130.5 16.8 1.72
117.9 | 16.6 1.55

104.1 15.6 1437
85.5 11.6 1.13
79.6 3 1.05
7.4 0.005 | 1.02

T6.4 0 1.01
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The equilibrium pressure P(mm.)/mole ratio plot is shown in fig. I

Tensimetric titration of diphenylberyllium with diethyl sulphide at OOC.
 Weight of diphenylberyllum = 0.7468g. (102.4 Ncce ).

Vol. BEt,8 (cc) fﬁfffz EtZS/PhZBe
274.0 19.1 2.68
238.0 | 17.8 2.32

- 226.4 ’ 17.2 .o2.21
202.9 16.2 1.98
190.0 14.8 . 1.86
182.0 | 13.8 1.78
172.5 ' 11.4 1.68

Vol.Et,S (cc) P(mm) ' EtgS/Ph,Be
167.5 10.2 1.64
162.0 6.93 1.58
160.0 | 1.56 1.56
157.8 0.0 1.54
157.0 : 0 . _ 1.53

The equilibrium pressure P(mm.)/mole ratio plot is shown in fig. II.

Tensimetric titration of diphenylberyllium with dimethyl ether at OOC
Weight of diphenylberyllium = 0.5229 g. (71.9 Nec.)

Vol. Me 0 (cc) ~f£f?l' Me,0/Ph, Be
164 o 74.3 ©2.28
148 31.1 2.06
144 ‘ 0.53 2.00
141 0 , 1.98

The equilibrium pressure P(mm)/mole"ratio plot is shown in fig. III.
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Tensimetric titration of diphenylberyllium with dimethyl-sulphide at 0°c
Weight of diphenylberyllium = 0.5509 g. (75.7 Nec.) |

Vol. MgES(cc) ffjfgz MeQS/PhéBe

224.1 ' 142.5 2.96
203.6 E 141.5 2.69
188.5 124.8 2.49
182.5 ©113.0 2.41
173.3 78.6 2.29: .7
169.8 58.1 2.24
167.8 46.8 2.22
163.7 "o 20.4 2.160
160.7 15.0 ° 2.12
158.5 6.05 2.09
155.0 0 2.03

The equilibrium pressure P(mm.)/mole ratio plot is shown in fig. IV.

Tensimetric titration of diphenylberyllium with trimethylamine at 0°c
Weight of diphenylberyllium = 0.4674g. (64.2 Nec.)

Vol. Me3N( cc) . P( mm) : Me N/thBe

_37 2
200.8 : 508.5 4.69
155.9 194.2 : 2.43
13%.5 83.6 2.14
129.5 . 39.0 2.02
122.6 15.6 1.91
119.5 ' 0.79 1.86
112.0 0.50 1.75
101.8 - 0.48 1.59
94.3 0.03 1.47
91.3 0.02 1.42
63.1 ' 0 0.98

The equilibrium pressure P(mm)/mole ratio plot is shown in fig. V.
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Tensimetric titration of diphenylberyllium with trimethylphosphine at 0°¢c
Weight of diphenylberyllium = 0.6136g. (84.3 Nec.)

Vol. MeBP(cc.)_ P(mm. ) MeBP/Ph2Be
196 13.6 2.33
179 28.7 2.12

170 1.65 2,02
168 0 - 1.99

The equilibrium pressure P(mm.)/mole ratio plot is shown in fig. VI.
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Preparation of diphegylberyllium-bis(trimethylghosphine)
Diphenylberyllium (15 ml. of a 0.51 M solution in ether, 0.00765

mole.) was transferred to one limb of a double ScHenk tube. The solvent
ether was removed under reduced pressure and the white, crystalline residue
was pumped at 5OOC for {fwo hours. Toluene (10 ml.) was added to the
residue, and trimethylphosphine (800 Ncc., 0.0356 mole.) was condensed on
+o the mixture. On warming to room temperature, the solid slowly dissolved
to give a clear, colourless solution. Hexane (10 ml.) was added and on
cooling to -78°C a white crystalline solid (needles) was_slowly deposited,
The crystals were filtered on the sinter, washed once with hexane saturated:
with trimethylphosphine, and pumped dry at —15°C.

When heated in é sealed tube, under nitrogen, the crystals softened
at 80-82°C and melted with decomposition at 132—13400. (Found: Be, 2.90;>
phosphine, 47.8; M, cryoscopically in benzene, 271, 236 in 1.32, 0.66
' weight % solutions respectively. Cl8H28PZBe requires Be,2.86; phosphine,
48.35 M, 317)

Preparation of diphenylberyllium-bis(dimethyl sulphidq)
N Diphenylberylliaum (15 ml. of a 0.51 M solution in ether) was

transferred to one limb of a double Schlenk tube. The solvent ether was
removed under reduced pressure and the residue pumped at SOOC for two
hours. Dimethyl sulphide (10 ml.) was added and the mixture stirred at room
temperature for one hour. The residuerslowly dissolved to give a clear,
colourless solution. 'The solution was cooled to -78°C and kept at this .
temperature overnight. Colourless, plate-like crystals were deposited, which
were filtered on the sinter and pumped dry at -1500.

The crysﬁals melted at 111—11300 with decomposition, when heated
in a éealed tube, under‘nitrogen. (Found: Be, 3;15; sulphide, 42.8; H,
cryoscopically in benzene, 200, 181, in 1.48, 0.74 weight % solutions

respectively._Ci6H2282Be requires Be, 3.14; sulphide, 43.2; N, 287)
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Measurement of the heats of dissociation of diphenylberyllium coordination

comglexes.

The investigation was conflned to the bis-complexes formed by

reactlon of dimethyl ether, dlmethyl sulphide, trlmethylamlne and
trlmethylphosphlne with dlphenylberylllum.

' Excess donor compound was allowed to equilibrate with a known
welght of dlphenylberylllum over a period of several days. The excess
donor compound was then removed from the mixture, cooled at —15 C until
the mole ratio of donor/dlphenylberylllum was 2:1:. The remaining bis-complex
was slowly heated from —1500 to about YOOC, the equilibrium dissociation
pressure at various temperatures was measured. '

A graph_of log loPmm., dissociation pressure mm;l versus /T
(°x” ) was plotted for each complex. In each case a linear plot was
: obtalned, and by measurement of the slope the heat of d1s3001at10n over
the temperature range 1nvest1gateiwas calculated'

1
A = 3

Dimethyl ether

Weight of diphenylberyllium = 0.,5229 g. (71.9 Nee)
Volume of dimethyl ether = 141.0 YNce.
Mole ratio dimethyl ether/diphenylberyllum = 1,97 ¢ 1

Prm. log (Pmm.) T %K. lip ot
7.6 0.8808 307.5 3.252 £ 1073
13.1 1.1173 - 316.6 3.159 x 1075
26,9 1.4298 . 325.1 3.076 x 107>
69.2 1.8401 335.0 | 2.985 x 1072

111.2 2.0461 " 340.7 2.935 x 107

The plot of log 10 (Pmm.) versus /T i§ shown in fig. VII

Slope = 3.941 x 10° g

Thus . AH = 17.9 Keal. mole_%. (0?7000)
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Dimethyl sulphide

Weight of diphenylberyllum = 0.4759 g. (65.4 Nec)
Volume of dimethyl sulphide = 129.0 Ncec.
Mole ratio dimethyl sulphide/diphenylberyllum = 1.98 :

Pmmn. log,, (Pm) p % p ol

127.6 : 2.1058 311.4 3.210 x 107
240.6 2.3813 1322.4 3.102 x 1073
300.1 2.4772 326.4 3.064 x 1073

The plot of log ), (Pmm.) versus 1/p is shown in £ig VIIL.
Slope = 2.619 x 100 oK
=1 (A =n0n
?hus'£3HDISS = 12.0 Kgal. mole. — (0=50°C)

 Trimethylamine -
| Weight of diphenylberyllum = 0.5624 g. (77.3 Ncc.)
Volume of trimethylamine = 155;0 Nec.
‘Mole ratio trimethylamine/&ipheﬁylberyllum = 2.00 : 1.
Pum.  log o(Pum.) T %K. g ol
©1.52 0.1818 273.2 3.6605 x 107>
5.05 0.7033 o 299.1 3.343 x 107
7.93 0.8993 ‘ 304.1 3.288 x 1070
15.57 21923 312.2 3.204 x 107>
31.65 11,5004 302.1 3,105 x 107>
69.01 1.8389 331.0 3.001 x 1075
203.5 2.3086 344.8 2.901 x 1072

The plot of log |, (Pmm.) versus 1/T is shown in fig. IX.
Slope = 3.656 x 10° X
=1 o]
A = . .
Thus AHy o 16.7 Kcal. mole (0-70°C)
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Trimethylphosphine

Weight of diphenylberyllium = 0.6136 g. (84.3 Ncc.)
Volume of trimethylphosphine = 168.0 Ncc.

Mole ratio trimethylphosphine/diphenylberyllium = 1.99 :

Prm. Log) , (Pmm) 7 % b %t
5.51 0.7412 311.6 3.209 x 107
13.93 1.1440 330.7 3.024 x 1072
22.89" 1.3596 344.6 120902 x 10 3
35.49 1.5501. 359.7 2.788 x 1072

The plot of log 1O(Pmm) versus l/T is shown in fig X.
Slope = 1.902 x 103 %K

Thus AsHDISS - 8.68 Keal. mole. (0-86°C)
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Reactions of diphenylberyllium with donor molecules containing

active hydrogen

N,N,N! - Trimethylethylenediamine

Diphenylberyllium (2.402g.,0.0147 mole), dissolved in 10ml.
of ether was transferred to one limb of a double Schlenk tube.
N,N,N' = Trimethylethylendiamine (1.49g.,oi0146 mole), in 10ml. of

ether, was added dropwise with shaking. An exothemmic reaction was

observed and a white crystalline solid was slowly precipitated. The
solid was filtered from the solution and recrystallised from 15ml.
of al:l benzene/hexane mixture. The product which crystallised as
small needles on cooling to room temperature, was filtered on the
sinter and pumped dry.

On heating in a sealed tube, under nitrogen, the product
decomposed at 255-256°C. The product reacted very slowly with
water and it was found necessary to heat the product with dilute
sulphuric acid to complete decomposition.(Found: Be, 4.80; diamine,
53;8; M, cryoscopically in benzene, 375,380 in 1.38, 0.69 weight %
N _Be requires B34.8l; diamine, 54.0, M,189).

118202
The molecular weight measurements correspond to degrees of

solutions.A C

ass;ociation of 1.99,2.01 respectively.
Diphenylamine

A solution of diphenylberyllium (2.19g.,0.0135 mole), in
10ml. of diethyl ether, was transferred to one limb of a double Schlenk
tube by syringe. Diphenylamine (2.27g.,0.0134 mole.), in 10ml. of
toluene, was added slowly with stirring to the diphenylberyllium

solution. An exothermic reaction was observed and it wasg found
neceséary to cool the reaction mixture during the reaction. The
solution was pumped to low volume and hexane (10ml.) was added.

On cooling to —78°C, a cryétallineAProduct was slowly precipitated.

The crystals were filtered on the sinter and pumped dry.
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The crystals were very sensitive to air and water. When
exposed to air the crystals immediately turned green and the colour
slowly deepened to a dark blue. Reaction with water was very
vigorous, and it was found necessary to use 2 - methoxyethanol when
hydrolysing for analysis. When heated in a sealed tube, under
nitrogen, the crystals softened in the range 120—13000 and melted,
with decomposition, at 260-262°C. (Found: Be, 3.52; amine, 66.20;
M, cryoscopically in benzenme, 500, (F91 in 1.69, 0.85 weight %
solutions. C) g Bell Tequires Be, 3.54; amine, 66.53; M,254).

The molecular weight measurements correspond to degrees of
association of 1.99, 1.98 respectively.

Reaction of phenyl(diphenylamino)beryllium with 2,2'=bipyrdyl

Phenyl(diphenylamino)beryllium (O.914g.,0.0036 mole.) was
‘transferred, as a solution in 20ml. of benzene, to one iimb of a
double Schlenk tube by syringe. A solution of 2,2'-bipyndyl
'(0457g- 50.00358 mole) in 10ml of benzene was added slowly with

~stirring. A deep red colour was immediately formed and a deep red
crystalline solid slowly precipitated. The solid was found to be
moderately soluble in boiling benzene, and by several extréctions
with boiling benzene the product was extracted into the other limb<

of the double Schlenk tube. However, when the solution was allowed

to cool, the crystals filtered on the sinter and pumped dry; the
product was found to be a mixture'of red crystals and pale cream

' crystals. Several attempts to obtain a pure prodﬁct by recrystallisation
from benzene were made, but the resulting produect was always a mixture
of red crystals and pale cream crystals. Analysis of solid suggested
that the product was a mixture. (Found: Be,2.69; bipy, 42.6; _
ratio Be: bipy = l.2:1. PhBe(Bipy)Nph2 requires Be,2.15; bipy,39.2%;
ratio Besbipy = 131). '
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Dimethyl amine .
Diphenylberyllium (2.15g., 0.0132 mole), dissolved in
20ml. of & 1:1 toluene/ether mixture, was transferred to one limb
of a double Schlenk tube. The double Schlenk tube was attached to
a high vacuum line, evacuated and dimethylamine (295.0 Necce, 0.0131 mole)

was condensed onto the diphenylberyllium solution cooled to —196°C.
On allowing the solution to warm slowly to room temperature, a white
solid was precipiteted at ~78°C. The precipitate slowly dissolved
as the solution was stirred and warmed at 40°C. On cooling the
solution to -78°C it remained clear and no solid precipitated.
The solution was pumped to'low volume (8ml.) and 10ml. of dry
hexane were added. The solution was cooled to -78°C and on allowing
to stand, at this temperature, overnight long needle-like, colourless
crystals crystalli;ed from the solution. The crystals were filtered
onto the sinter and pumped. o

On heating in a sealed tube, under nitrogen, the crystals
melted at “¥F°C. The crystals decomposed quickly when exposed to
air, ‘and were hydrolysed quite vigorously by water. (Found: Be,6.91:
amine, 33.8: W, cryoscopicaliy in benzene, 391,409 in 1.49,0174 weight
% solutions respectively. CgH, | BelN,, requires Be,6.92: amine, 33.9:
M,130). ' The molecular weight measurements correspond to degrees of
association of 3.01,3.14 respectively.
Me thanol o |
‘ A solution of diphenylberyllium (2.32g., 0.0143 mole) in
10ml. of a l:l benzene/ether mixture was transferred to one arm of
a double Schlenk tube. Methanol (O.57m1.,0.0142 mole) in 5ml. of
ether was added dropwise with stirring. An exothermic reaction was
observed and it was necessary fo cool the reactioh mixture to prevent
loss of solvent. On pumping the resulting clear solution to low

volume a viscous oil was obtained. The oil was disgsolved in Sml. of
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toluene and on addition of 10ml. of hexane and éooling fo ~78°¢
-8 white crystalline solid was preclpltated. The solid was
filtered onto the sinter and pumped dry.

When heated in a sealed tube, under nitrogen, the crystals
melted reversibly at 53—5500. When exposed to air the solid slowly
decomposed, and reacted fairly vigorously with wéter. (Found :

Be,4 95: phenyl, 45.1; (ratio phenyl: Be,l:1) C,HgBeO, PhBeOME,
requires Be,7.44: phenyl; £4.9). ,

On the basis of the analytical results, it was concluded
that some ether is held by the phenylberyllium methoxide. This
conclusion was confirmed by examination of the infrared spectrum
of the solid. To overcome this complication the reaction was
repeated in a nonm-etheral solvent.

A suspension of.diphenylberyllium.(3.81g., 0.023 mole) in
10ml. of benzene was transferred to one arm of a double Schlenk
tube. Methanol (0.94ml., 0.023 mole) in 10ml. of benzene was
added very slowly, with stirring. An exothemic reaction was
- observed and the diphenylberyllium slowly dissolved, eventually
giving a clear solution. On addition of hexane, 15ml. a white
crystalline solid was slowly precipitated which was filtered onto
the sinter and pumped dry.

When heated in a sealed tube, under nitrogen, the solid
melted reversibly at 17"{-178‘a y with shrinking at 168—17000. The
solid was decomposed violently by water and decomposed with immedigte
charring when exposed to air. (Found: Be,7.76; phenyl,64.7; M,
cryoscopically in bengene, 450, 452 in 1.85, 0.93 weight % solutions
respectively. C7H8Be9 requires Be,7.69: phenyl, 64.9; M,117.) The
molecular weight measurements correspond to degrees of association

of 3485, 3.86 respectively.
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Reaction of phenylberyllium chloride with sodium triethylboron hydride
Diphenylberyllium (63.0 ml. of a 0.51 M solution in ether,

0.6321 mole.) was transferred by syringe to one limb of a large Schlenk

tubef A solution of beryilium.chloride (2.570 g., 0.0322 mole.) in

50'ml. of ether was added. The mixture was vigorously stirred and a
solution-of sodium'triethylboron hydride (95.6 of a 0.67 M solution in
ether, 0.0641 molg) was slowly added. A white solid was immediately
precipitated, accompanied_by a slight warming of the reaction mixture.
~ The solutionlwas allowed to stand for one hour, during which time some
of the precipitate settled. A small sample of the supernatant liquid
was withdrawn by syringe and andlysed by hydrolysis. The ratio of hydrolysable
hydrogen to beryliium to chlbride was found to be 0.98 : 1 : 0.03.
| Addition of sodium triethylboron hydride, the quantity calculated
to react with the excess chloride (3.0 ml.), resulted in immediate
coagulation of the precipitate. The solution was filtered on the sinter
and -the filtrate analysed by hydrolysis of a small sample. The ratio of
hydrolysable hydrdgen to beryllium to sodium was found to be 1.01 : 1 : 0.002.
The reactions of the solution with trimethylamine and trimethyl-
phosphine were then investigated.
Trimethylahine
A portion of the solution (60 ml.) was transferred to one limb of
a double Schlenk tube. Trimethylamine (700 Nee.) was condensed on to the

solution and the mixture allowed to stand at room temperature for one

hour. A small quantity of white solid was precipitated.

The mixture was filtered on the slnter, and ether was removed from
the filtrate under reduced pressure. - The oil obtained by removal of solvent
was then pumped in high vacuum for one hour. (Found: hydrdlysablb;hydgogQH,
0.634; Be, 5. 633 amine, 26.0; B, 23.2 %. C9H15Be1\T PhBeH. NMeS, requires
hydrolysable hydrogen, 0.685; Be, 6.16; amine, 40.4 %.)

The analytlcal results shown an appreciable amount of boron is
residue, the figures corresponding to the approximate composition PhBeH.

(NMeB)é 7(Et3B)O‘3 ' The reaction was repeated under different conditions

in the attempt to obtain a product containing no boron.
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A portion.of the solution (60 ml.) was transferred by syringe
to a reaction tube. The ether was removed under reduced pressure and
the oily residue‘ﬁumped in high vacuum for one hour.. Benzene (20 ml.)
was added and trimethylamine (3000 Ncc.) was condensed on fo the mixture.

The tube was sealed at the constriétion and the reaction mixture allowed
to stand at room temperature overnight. A white crystalline solid was
slowly precipitated-from the éolution. The tube was opened to a high
vacuum line via a bréak—off sidé—arm aﬁd the excess trimethylamine removed
under reduced pressure.  A .

’ The remaining mixture was transferred to one limb of a double
Schlenk tube.

The solid was transferred by three extractions with bea3ene, to the
other limb and allowed to crysfallise from solutioh. The product crystallised
slowly as white needles, which were filtered on’the sinter and pumped dry.

| - The crystals, when heated in a sealed tube unde; nitrogen, did
'not melt below 300°C, but slowly charred in the range 180-230°C.
(Pound: hydrol&sable-hydrdgen, 0.69; Be, 6.14; amine, 40.3; M, cryoscopically
in benzene; 285, 290 .in 0.41, 0.42 weight % solutions respectively.
.C9H15BeN réquires hydrolysable hyd?ogen, 0.685; Be, 6.16; amine, 40.4%;
M, 146.) L B '

The molecular weight measurements correspohd to degrees of association
of 1.96, 1.99 respectively. |

The infrared spectrum of the compound, recorded as a nujol mull,
showed two absorptions at 1342 and 1316 em. in_the,1300-1350 —_— region.
Trimethylphosphine ' )

A | A portion of the solution (60 ml.) was transferred to a reaction

tube and the ether removed under reduced pressure. The oily residue was
pumped in high vacuum for one hour. Benzene_(QO'ml.> was ad#ed and

trimethylphosphine (3000 Ncc.) was condensed on to-the mixture. The tube

was sealed at the constriction and the mixture allowed to stand overnight.
The “tube was opened to a high vacuum line via a break-off side-arm and
‘the excess trimethylphosphine removed under reduded pressure. The remainihg

Coia
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clear, colourless solution was transferred by syringe to one dimb of a
double Schlenk tube. The solution was pumped to low volume and a colour-
less crystalline solid was slowly deposited. The solid was filtered on
the sinter and pumped dry. (Found: hydrolysable hydrogen, 0.672; Be, 6.04;
phogphine, 31.3) '

The analytical results indicate on approximate composition PhBeH.a'.g.t'
(PMBB)O.S and the infrared spectrum of the iompound showed, in addition .
to absorptions in the region 1300-1350 cm. ~ a broad absorption centred at
1754 cﬁ?lindicating the presence of polymeric (Be-H-Be) units.

The solid was dissolved in tolﬁene (10 ml.) and trimethyl-phosphine
(1000 Ncc) was condeﬁsed on to the solutioh. On cooling to -7800 crystals
were deposited, which were filtered oﬁ the sinter, washed with hexane
saturated with trimethylphosphine and pumped dry at -1500,

When heated in a sealed tube, under nitrogen,tslowly charred in
the range 190-220°C. (Found: hydrolysable hydrogen, 0.61; Be, 5.46; phosphine,
. 46.7; M, cryoscopically in beﬁzene, 271 in 0.41 weight % solution. _
CéHlBBeP requires hydrolysable hydrogen, 0.62;‘Be, 5.49; phosphine, 46.9 %

M, 163)
The infrared spectrumlof the compound, recorded as a nujol mull,

showed absprptions at 1356 and 1312 cm.-l' in the 1300-1350 cm,—l region.
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" DISCUSSION

Alkyl-hydride exchange reactions of beryllium dialkys and diphenylberyllium
The reaction of dimethylberyllium with dimethylaluminium hydride,

in the absence of solvent, has been investigated 85. as a preparative

route to beryllium hydride:

MEBe+23EE2AIH~—>2hdZE

o Al + BeH

3 2°

Although trimethylaluminium was formed, a product free from methyl groups
could not be obtained and the product was often contaminated with aluminium.
It was suggested the intermediate occurrence of a reversible reaction:

ME Be + MEZAIH = "MEBeH" + ME3AI

2
éould explain the results.

However, reaction of dimethylberyllium and dimethylaluminium hydride
in 1:1 molar proportions, in ether solutioﬁ gives a product containing
aluminium. Similar results were obtained in the attempted preparatibﬁ
of beryllum hydride by reaction of dimethylberyllium with lithium aluminium
hydride 84,3. It is quite possible, as both beryllium.and aluminium are
electron deficient in their alkyl and h&dride derivatives, that aluminium
is bound into the polymer chain of the alkylbéryllium hydride or beryllium
hydride. Alternatively, it is possible that the dimethylaluminium hydride

disproportionates.

3ME2AIHf——+ 2ME3AI --Ir'AIH3

during the reaetion, thus contaminating the product with aluminium hydride,
The reaction between dimethylberyllium and dimethylaluminium hydride was
not investigated further as the reaction between dialkyl/beryllium'and

trithylstannane seemed more promising as a route to alkylberyllium hydrides.
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Reaction of diethylberyllium with triethylstannane in ether
17.

A preliminary investigation of the reaction of diethylberyllium

with triethylstannane in ethereal solution has shown that tetrgethyltin

and ethylberyllium hydride are formed.

EtzBe + Et3SnH —>'EtBeH' + Et4Sn

The conditions under which the reaction proceeds have now been
investigated. A similar exchange between triethylstannane and triethyl-

ATH) is reported,85' and is inhibited by ethers

aluminium (giving Et,

and tertiary amines.

17

It is suggested in the preliminary report of the reaction

of EtZBe_and Et3

intermediate, it is not surprising that exchange involving beryllium

SnH that, assuming exchange involves an electron-deficient

alkyls would proceed in the presence of ethers, @s there is evidence that
electron-deficient bridges persist in dimethylberyllium in the presence
of ethers and trimethylphosphine. 4. In contrast, it is probable that

the electrdn—defioiency of triethylaluminium would be removed under such
conditions by formation of coordination complexes, and the r eaction would
be inhibitéd. However, reaction of diethylberjllium with triethylstannane
results in complete exchange, but during the reaction most of the ether
distils from the reaction mixture. Thus, it seems likely that the
reaction is inhibited by a large excess of ether and will only proceed

to completion when most of the ether has distilled from the mixture.

Reaction of dimethylberyllium with Triethylstannane in ether

The potentiality of reactions of beryllium dialkys with triethyl-
stannane as a preparative route to alkylberyllium hydrides was investigated

by reaction of dimethylberyllium with triethylstannane.
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Under exactly similar conditions, to those of the diéthylberyilium reaction,
dimethylberyllium gave an invoiatile residue, soluble in ether, which

gave methane and hydrogen in the ratio 1:1.02 on hydrolysis,. Thus alkyl/
hydrogen exchange takes place with no complications due to alkyl/alkyl exchange.

Be + Et.SnH—>"MEBEH" + Et_SnME

e 3 3

2

Reaction of the "MEBeH"'golution with trimethylamine gave methylberyllium

hydride - trimethy%aminé, (MEBeHENME3)2, which had previously been prepared

by another method 1. ' ' )
Addition of trimethylphosphine to the "MEBeH" solution gave a

so0lid crystalline product.: Although this product is, almost certainly,

the phosphine analogue of (MEBeHé—NME3)2 no characterisation could be

carried out as the solid has a high disseciation pressure of trimethylphosphine.

Further experiments, designed to overcome thiszdifficulty, have been post-

poned to a later date.

V Several experiments on the solubility of "MEBeH" in hexane show

that is soluble as an etherate. Removal of the ether, by pumping the

residue in high vacuum for an hour, or continued washing with hexane,

renders the product insoluble in hexane.

Reaction of diphenylberyllium with triphenylstannane

The reaction qf diphenylberyllium with triphenylstannane has been
investigated as a preparative route to phenylberyllium hydride. Reaction
in benzene‘was not entirely successful. Exchange 6ccurred to some
extent, the ratio of beryllium: hydrolysable hydrogen being 1.65 : 1

-after two hours reactioh at 70°C. It is probable that the limited
solubility of diphenylberyllium in benzeﬁe»and possible insolubility of
any beryllium;confaining product contributed to the inhibition of total

t exchahge. '

Reaction in ether did not proceed at 4000, as precipitation of
tetraphenyltin, which is spafingly soluble in ether, did not occur.

]
LIBRARY
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However, at 70—7500, when most of the ether had distilled from the
reaction mixture, exchange did take place and phenylberyllium hydride

was formed.

Ph.Be + Ph

"PhBeH" + Ph,Sn.
) 3SnHl ——"PhBe hSn

However, a yellow colour produced.during the reaction indicates that
a side reaction also takes place. The attempted preparation of bis-
(phenylberyllium hydrlde) - tetramethylethylenedlamlne,[r(PhBeH) ME NCH2CH2
NME ] s Tesulted.-in the isolation on an impure product. The yellow colour
is probably due to a decomposition product of triphenylstannae, which is

known to be quite unstable.l60'

No gas evolution was observed, however,
and the mechanism of the decomposition remains obscure.
The structure of the phenylberyllium hydride comple® is probably

similar to that proposed for the analogous methylberyllium hydride
1.

derlvatlve.

| C' ﬂf_?Hz ._,H .. CI-%—CH
B'e(—N Nf]\l-—)?e B?ehl/\ll Mf\é-—)Be
'.. - e
P M MB Ll e M P ,

The infrared spectrum of the complex, recorded as a nujol mull,
showed a broad absorption, centred at 1754 cm.-l which has observed in
other beryllium hydride derivatives36 91,98, and is due VY (BeHBe) in a

disordered polymer.
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The tetraphenytin impurity in the product is probably held
in the polymer, it being physically trapped during the precipitation
of the hydride complex.

‘The observation that exchange does not proceed in ether solution
at 40°C agrees with results observed for exchange between diethylberyllium
and triethylstannae. Thus, it seems that exchange will not take plafe with
a large‘excess of ether present. Although the results could be explained
by proposing that exchange does not proceed to completion below 70°C.
experiments discussed in the following section show that exchange will

proceed at room temperature, in the absence of ether.

Reactions of ether—free diethylberyllium with triethylstannane
. A preliminary investigation showed that reection at room temperature
between ether-free diethylberyllium and triethylstannane, in 1:2 molar ratio,
resulted in gas evolution and precipitation of a white solid. Analysis of
the precipitate showed it to be an ethylberyllium hydride of variable
- composition and purity. The beryllium to hydrogen ratio was found to be
1.38 and 1.41 for two different samples of the-same product. The gas
gvolved was shown to be hydrogen, by an additional small scale experiment.
These unexpected results, coupled with the fact that the reaction
is not complete after 224 hours, led to a further investigation of the
system. ‘
Two experiments, in which diethylberyllium ahd triethylstannane
were allowed to react, in molar ratios of 1:2 and 1:3, at 70°C over
a period of eight weeks were performed. An additional "control" experiment,
in which triethylstannane was maintained under‘the»same conditions, was
. also carried out. A
The results show that two reactions are taking place,:
(a) : ethyl/hydrogen exchange takes place, resulting in formation and
predipitation of ah ethylberyllium hydride:

Bt,Be + rBt,Snl —>[Bt, Be B ] + nBtsn

wherel<(n<2.

(b) some triethylstannane dedomposes to give hydrogen and hexaethyl di-tin;
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2Bt SnH -—-—> EtSn, + H,

3

However, a detailed examination of the results showsthat the
system is rather more complicated than the two equation indicate.

The solid product was, in both cases, extremely impure:. The
impurity, feleased‘only by hydrolysis, was shown to be an ethyitin derivate,
the constitution of which is not known. In'addition, even when excess
triethylstannane was-used, the productAstill contained hydrolysable ethyl
groups (the beryllium to hydrogen ratio being 1.74) anﬂ some triethylstannane
| was recovered uhchanged. It is probable that ethyl/hydrogen exchange proceeds
in solution until the ethylberyllium hydride is precipitated; them exchange
continues oh the surface of the precipitated ethylberyllium hydride until
further removal of ethyl groups by exchange becomes physically impossible.
The recoveryn3<of unchanged triethylstgnnane from the reaction mixture
indicates that such a limiting factor does exist. Infrared examination
of the solid Showed a broad absorption, centred at 1743 cm,'v‘;"l indicating
a random polymeric constifution containing (Be-H-Be) groups. It is not
unreasonable to assume that ethyltin derivatives could be trapped within
the polymer network as it is formed during the precipitation of the ethyl-
beryllium hydride; thus explaining the impuritj of the products. It is
sighificant that the produét of the reaction in which an excess of triethyl-
stannane was used contained much more éthyltin:iﬁpurity than when two moles
of triethylstannane were used. R

The mechaﬁism by which the triethylstannane decomposed is not known,
and ﬁo mention of such a. decomposition is to be found in the literature.
Triethylstannane does not.spontahéously evolve hydrogen at room temperature,
and experience shows that decomposition of the compouhd at room temperature
is very slow. However, an experiment showed that it does decompose at 70°C
to0 give hydrogen, hexaethyl di-tin and .an involatile ethyltin hydride of
unknown constitution. ~But,-in all the experiments performed gas evolution,
indicating decomposition o the triefhylstannane, was significant at or just

below room témperature.
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Thus, it seems that the decomposition is éomehow catalysed by diethyl-

beryllium or by the ethylberyllium hydride precipitated from solution.
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Reactions of ethylberyllium hydride—frime%hylamine

"Dimethylamine
Ethylberylium hydride-trimethylamine reacts with dimethylamine

with formation_of éthane, hydrogen and trimethylamine, in the ratio

0.98 : 1 : 2, as gaseous products. Similar reactions have been observed

between dimethylamine and isopropylberyllium hydride,5° which e volved

propene and hydrogen in the ratio 2.5 : 1, and methylberyllium hydride-
trimethylamine énd dimethylamine.98' Evolution of bath ethane and hydrogen
.indicateslth; formation of a mixture of products, and the reaction was
investigated no further.

(EtBeH&NMeB)Q + 2o NE—H, + CH  + 2Nie,+ ]_Eﬂaezﬂ.(1\T1sc{e2\g

2 2 276

Diethylmercurj ,
Reaction of ethylberyllium hydride-trimethylamine and diethyl-

merfury, in the absence of solvent, resulted in quantitive elimination

of ethane, and formation of diethylberyllium-trimethylamine and mercury.

' «
Hg — 2Hg + 202H6 + 2Et2Be NMe3

o
(EtBeH NMe3) , * 2Bt,

Similar reactlons have beeh observed between aluminium hydride

165.

derlvatives and organo mercury derivatives and mercury halides:

3 3 3
ATH, N’Me3 + /23211g~—=: /2 Hg + °/2 B,  AIR,.Nie,

where R = Ph,nC H (cH, = CH), and (c3H70 = C).

49,

n/, n . n
ATH,.Mie, + /2 HeXs—> "/2 Hg + "/2 B, + Hy  AIX_ W,
where n = 1,2 or 3; BX = Cl1, Br. '

1 1 1
n / n n
ATH,.Mle, + /2 HgX, > H, AIX e, + '/2 Hg + = /2 H,

where n = 1,2.
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The reactions were carried out in benzene orether solvent, and
the time taken for completé reaction varied between thirty minﬁte.and
twelve hours.

Exchange between dimethylaminoalane and mercury dialkyls did
not take place, but reaction with the more reactive alkyl lithium

derivatives did result in exchange.

AIHZ.NMe2 + LiR—> AIR'Z.NMe2 + LiH.
On the basis of time taken to complete the reaction an order of reativity
of R2Hg to alane-trimethylamine was obtained.

N _ ‘ -
3l CB = OH, > c6H5> nC By

R=CLY C= C.C,H
The author suggested, on the basis of these results, that the mechanism
was via electrophilic attack By.the aluminium on the aryl/élkyl/halogen
group of the mercurial. The author also suggested that a probable
intermediate was an organo mercury hydfide, which decomposed giving
hydrogen.

2RHgH~-—-—>RZHg + Hg + H2¢
The result obtained from the beryllium derivative does not seem coﬁmatible
with an ethylmercury hydride intermediate. Elimination of ethane was
quaﬁtitétive, no hydrogen being observed, and it is unlikely that an
ethylmercury hydride intermediate would decompose to give ethane quantitatively.
If such a decomposition did occurr, it must take place via a onefstage process

Further experiments on the exchange between alkylberyllium hydride

complexes ahd mefcury dialkyls, and possibly a reinvestigation the alane-

trimethylamine/mercury dialkyls systems are necessary before the apparent

anomalies can be explained.
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The coordination chemistry 6f diphenylberyllium

Reactions with bidentate ligands’

Diphenylberyllium forms well défined, monomeric, crystalline
coordination complexes with N,N,N',N' - tetramethylethylenediamine,
N,N,N',N' — tetramethyl-o—phenylenediamine, 1,2 - dimethoxyethane
and 2,5 -~ dithiahexane. Anaiogous complezes with the first three
' ‘ 34435.

compounds have also been prepared from dimethylberyllium o

Since the complexes are monomeric in benzene, they are formulated as

shown in fig.'I. E

P D
SN

e

A1

| Ph/ D

I

As dimethyl sulphide does not coordinate to dimethylberyllium4,
the formation of a stable chebate complex with 2,5-dithiahexane,
MeSCH,CH,,SMe, stands in contrast, but work described in the following

2.2
sections shows that diphenylberyllium is a better acceptor than dimethyl-

“beryllium,
Reaction with maonodentate ligands
Preliminary experiments show that diphenylberyllium-bis(diethyl ether)

is not stable as had originally been claimed. Indeed, tensimetric observations
show that the 2:1 . complex has an appréciable dissociatioﬁ pressure of “ether
at 08, aﬁd ether can be removed until the mole ratio of diethyl ether/
diphenylberyllium is 1:1.

The results of several tensimetric observations involving

simple monodentate ligants as tabulated as follows:-
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Ligand Compound stable at OOC Dissociation pregsure of
2:1 complex at O C.
Me,,0 Ph2Be.(Me20)2 , -
Ve, S thBe.(MeZS) 2 ~
Et20 | Ethe.EtZO . 17.0 mm.
Bt,S . (thBe)2 (Etzs) 3 L =
N Be. : . .
Me3 th e NMe3 . 0 8 mm
MeBP | thBe.(PMe3)2 ~ -

. Further observations on the dependance of the dissociation
pressure with temperature, for several compounds, have enabled measurement

of the heat of dissociation for:

—_—
PhZBe.L2 thBe.L + L

.(where L= Mezo, MeZS, MesN_or ME3P.):
Ligand Mezo i ;rMeéS Me3N _ Me3P L
A HDISS. 17.9 12.0 | 16.7 8.68 Kcal. mole
Several interesting facts emerge from consideration of these
results. '

Diphenylberyllium might be expected to be better acceptor than
dimethyl- or diethylbefyllium, as the inductive withdrawl of the phenyl
groups would.render the central beryllium atom more positive. Thus,
Whereas dimethyl and diethyl ethers form no definite coordination complexes
with dimethylberyllium and trimethylphosphine forms a series of unstable
complexes,4' diphenylberyllium forms well d efined complexes with these and
related ligands. The 2:1 coodination complexes between dimethyl sulphide,
trimethylphosphine and diphenylberyllium have been prepared. Cryoscopic
molecular weight measurements in benzene show the complexes to be somewhat
dissociated in solution:

""thBe. (Me28)2 —_— PhZBe.MeZS + MeZS'

thBe.(Me3P) ——e PhoBe.Me,P + M P
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the results indicating aihigher degree of dissociation as the solution
1s diluted, as would be expected.

The results of the tensimetric observations on the various ligand /
diphenylberyllium systems lead to conclusions which emphasize steric effects.

Thus, at 0°c the 2:1 trimethylamine complexe has a dissociation
‘pressure of ligand , and ligand can be removed until a 1:1 complex is
formed. In contrast, the 2:1 trimethylphosphine coﬁplexe is stable and
does not dissociate at this temperature. Experiments with molecular models
indicate that when the donor atom is nitrdgen, there is considerable steric
interaction betweeh the methyl hydrogens of the amine and the phenyl hydrogen.
WhenAthe donor atom is phosphorus, the much larger phosphorus atom has
the effect of pushing the methyl groups farther from the central beryllium
atom and so. reducing the steric interactions. -

In the sameway, molecular model experiments show there is more
interaction when the ligand is diethyl ether than when it is dimethyl
ether. Thus, one important feature govefning the formation of coordination
complexes appears to steric interactions. The “feature goes a long way to
explaining the reactlon of dlmethyl—34 and dlethylberylhum 53 with excess
trlmethylamlne. Both form 2:1 coordination complexes, which are unusually
unstable and the stable compound at room temperature is the 1:1 complex,
involving 3- coorainate beryllium. In the light of the resulte obtained
with diphenylberylliﬁm it is not unreasonable to essume that steric consid-
eratiens are very important in the formation of fhe-2:1 complexes.

The compound (Et23)3.(Ph2Be)2 indicated by the tensimetric
titration of diethyl sulphide with diphenylberyllium is extremely unusual.
If is possible that this system is similar to the trimethylphosphine/
dimethylberyllium system,4’ shere a considerable range of compounds, each
one steble in a certain pressure of trimethylphosphine and temperature, is
| formed. The complex eqmlllbrla are due to the similarity between the
afflnltles of dlmethylberylllum for trimethylphosphine and for each other.
A more elaborate investigation of the diethyl sulphlde/dlphenylberyl11um ‘

system must be carried out before anyfhing definite as to the structure

of jEtZS)3 (Ph2Be)2 can be proposed.
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A The measurements of the heats of dissociation of several bix-
complexes provide some interesting features. On the basis of the

values obtained.the following facts emerge:

(a) dimethyl ether is a stronger donor to diphenylberyllium than
diméthyl sulphide.

(b) trimethylamine is a stronger donor to diphenylberyllium than

' trimethylphosphine.

This agrees with previous observations of donor strenths to dimethylberyllium'’
:N>P and ODAS,S. However, the values indicate an overall order of heat of
coofdination ON)S)P. This is not the order normally observed for 'A'
type acceptors and it 'is probable that the results are much affected by
steric éonsiderations. Thus, the heat of coordination of a ligand or
heat of dissociatiéﬁ of a 2:1 complex is dependant both on the donor

strenth of the donor atom and steric considerétions.
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Reactions of diphenylberyllium with donor molecules cantaining acidic

hxdrogen., 
- The reactions of dimethylberyllium,33’35’37’38 dimethylzinc

46.

and dimethyicadmium ;30' with donor molecules, containing acidic hydrogen,
involving elimination of one methyl group as methaﬁe have been eitensively
Studied. The general effect of replacing one of the alkyl groups (vy
anatom such as oxygen or sulphur) is to enhance the acceptor properties of
the metal atom and also to increase the donor characteristics of the oxygen
or sulphur. Thus,in general such derivatives are associated by relatively
strong coordination.
Reaction with N,N,N' - trlmethylethylendlamlne

N,N,N' - Trimethylethylenediamine reacts with diphenylberyllium

in 1:1 molar proportions, with elimination of one mole of benzene and

formation of a product, (PhBeNMeCHZCHZNMeZ)2 which is dimeric in
, .

benzene and’beyond reasonable doubt)has a structure shown in fig. II.
1
h4 !
C e2
, ‘n ‘/
CH=NC / '\N—CH

T ’Be"‘N"cl:A

I
35.

Analogous dimeric compounds are formed by reaction of dimethylberyllium

Ph

and dimethylzinc 46' with trimethyethylenediamine.

~ Reaction with diphenylamine

.Reaction of diphenylberyllium with diphenylamine leads the
formation of a dimeric product, phenyl (diphenylamino)beryllium
(PhBeNPh2)2. This compound is formulated with 3-coordinate beryllium,

as shown in fig. III.




Although, in general; the formation of a dimer would be favoured on
entropy ground@relative to more associated species (greatér number of -
independanf moledules per unit mass),when the association of various
alkyl derivatives of beryllium, zinc an& cadmium is considered; this
consideration cannot be of great important in the view of the many
trimers, tetrahers and higher oligomers that have been observed.

'Thus, (MeCdOBut)l3o, (Me ZnNth) and- (MeBeNPh ) 38. all are
dlmerlc in benzene, and are formulated with 3—coord1nate metal and
angular strain cannot be of overwhelming importance in the formation of
these compounds. In contrast, -many tetrameric and oligomeric structures
have been observed and.are discussed elsewhere.

Reaction with dimethylamine ’
Dimethylberyllium reacts with dimethylamine forming an adduct,

MezBe Nife H which melts at 44 C, eliminating methane and forming a
trimeric compound (MeBe NMe ) 3. Similarly there is indication of an
adduct, formed between dlmethylamlne and diphenylberyllium, which is
sparingly soluble in ether and slowly decomposes at room temperature.
The product, (PhBeNMe2)3, is trimeric in benzene and is formulated with

a structure similar to the methylberyllium analogue, fig. IV.

-
-
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Recent experiments 38. have shown that the size of the alkyl
groups attached to beryllium and nitrogen govern the degree of association.
Thus, [MeBeNRé]n is trimeric when R = Me, Et., and dimeric when R = Prn,Ph.
Similarly (EtBeNEt2)2 is dimeric in benzene solution. In the light of
these observations it is not surprising that phenyl (dimethylamino)beryllium
is a trimer.
Reaction with methanol

Phenyibéryllium methoxide, formed by reaction of methanol with

diphenylberyllium is tetramerid in benzene. A whole series of tetramerié

methylberyllium, 38. zinc46' and cadmium 130.

and an Xray diffraction study 79 on methylzinc methoxide has revealed a

alkoxides is now knownj;

cubic structure. It is probable that all the tetrameric alkoxides have
a similar structure, and that proposed for phenylberyllium methoxide is

shown -in fig. V.

Me _Pn
e
Be—

<l
/ns'eV-i '

" Be
e )

<)

A1l alkylberyllium alkoxides, RBeOR', so far examined are tetrameric

except when R = R' = But, (ButBeOBut)2 being dimeric in benzene.
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Reaction of phenylberyllium chloride with sodium triethylboron hydride

Reaction of phenylberyllium chloride with sodium triethylboron
hydride in ether results in precipitation of sodium chloride. The solution
obtained after filtration has been used to prepare the trimethylamine and
trimethyiphosphine complexes of phenylberyllium hydrides. The analogous
reaction befweén.ethylberyllium chloride and sodium triethylboron hydride
glves a solution which contains hydrolysable ethyl: beryllium: hydrogen
in the ratio 1: 1: 136 The trimethylamine adduct of ethylberyllium
"hydrlde, (E4BeH.NMe ) has been prepared by addition of trimethylamine to

the solution. Slmllar reactions between ethyl- and methylmagnesium chlorides

with sodium triethyl- and trimethylboron hydrides respectively have been
) investigatedl56°. Sodium chloride was précipitated, but isolation of
alkylmagnesium hydrides was not ﬁossible. It was difficult to remove all
of the trialkyl borane from the residue, indicating the existance of
' alkylmagnesium trialkylboron hydrides, RMg R3BH., Various aftempts to remove
trialkylborane by pumping or heating resulted in formation of magnesium
| hydride, indicating the disproportion of any alkylmagnesium hydride formed:
‘ 2 Rug—>lgh, + R Me. '
There is some indicatiem thaf a large excess of ligand is required
to effect complete displacement of triethylborane from the phenylberyllium
hydride, the first preparation of (PhBeH.NMe3)zresulting in isolation of

an oil containing both trimethylamine and boron. When a large excess of

tfiméthylamine or trimethylphosphine is used, no boron is found in:the
product.
~Pﬁeny1beryllium hydride-trimethylamine. (PnBeH. NM83)2

The molecular weight measurements show it to be dimeric in bengene,

. and its structure is probably similar to that proposed for the analogous

methy1;81' and e’chyl—77 derivatives:
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Ph Ho NMe

-The infrared spectrum of the,compouﬁd show absorptions in
the region 1350-1300 cm.-'1 The spectra of the analogous methyl- and
ethyl- derivatives sthn absorption in this region and the absorptions
havé been assigned to vibrations of the.(BeHzBe) bridge on the basis

of the effect of substituting bridging denterium for bridging by hydrogen.

_in the region 1350-1300 cm.” and at 1752 om.™

‘indicates pblymeric (Be—H—Be) units. A later successful preparation,

" Phenylberyllium bydride — trimethylphosphine (PhBeH. PMGB)

The first attempted preparation of this compound resulted in

isolation of a product, PhBeH. (PMe3)O 8 whioh'showeduabsofbtiéns
oy
1 The latter absorption

: . . . o
achieved by low temperature crystallisation and pumping dry at -15C,
indicates that the adduct has an appreciable dissociation pressure of
trimethylphosphine. The molecular weight measurement would seem to

indicate dissociation of the adduct, but the compound was not soluble

enought for accurate measurement.

The adduct is probably dimeric, having an analogous structure

to-the'trimethylamine complexs
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