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Sumary
_ A number of 2 coméléxes}of'dlbhei&lethyn&lberyllium and dimethylethynyl#

beryllium with ménodentate 1lgendsigre'described. The bis-tetrahydrofuran
complexes are monomeric insbeqzepe.sglution,;-Prlmary and secondary amines
give 231 complexes in additioe to tertiar& amines.- Several 1:1 complexese
with monodentate and bi-dentate ligands have also been prepared. Diphenylﬁ
ethynylberyllium diethyl etherate is-slightly associated in benzene, the asso-
ciation being thought to involve phenylethynyl bridges.
- Uncomplexed dimethylethynylberyllium is a solid, insoluble in benzene and
extremely reactive towards hydrolysls; A polymeric electron=deficient structure
is proposed for the compeuha. |

Reactions of diphenylethym/lberylli\ith complexes with alcohols and thiols
have given the following compounds, PhC—CBeOBut THF 9 PhC-CBeOPh THF ’
PHCECBeOBu® , (PhCEC),Be (OBut) and (PhC-CBeSBut,THF) | The first two com-
pounds are slightly assoclated in benzene, while the third is an insoluble,
presumably polymeric, solid with a remarkable-stablllty towards hydroly51s.

The coordination complexes Me_Be, NEt (benzyl) Be, OEt ’ (nen—pmnuyl

2 3! 2
(neo-pentyl) Be OEtz R (neo-pentyl) Be, NMe3 » (neo-pentyl) Be,TMED , and
neo-pentyl(methyl)Be TMED are all monomeric in benzene solutlon. Variable
temperature p.m.r. studies establish the existence of-ggg:pentyl(meth&l)Be,TMED
in‘splutien rather than a mixture of szBe,TMED an@ (gggrpenfyl)éBe,TMED.

Evidence is presented for the following equilibrium in selution,

MezBe,NMBB + (ggg_—pentyl)zBe,NMe3 &= 2MeBeneo-pentyl,NMe

and an equilibrium constant of 170 at =40° is calculated.

3

EtBeBr,TMED and neo-pentylBeBr,TMED are monomeric in benzene, but

EtBeCl,TMED is slightly disproportionated. The bromides have temperature




dependent p.m.r. spectra. Addition of NMe3 to neo-pentylBeBr,etherate causes

quantitative disproportionation, whersas addition to neo=pentylBeCl,etherate
gives partial disproportionation,

The triner, (Bu'BeORu’);, is described and a complex of it, (1-BuBsOBd),
TMED, has been crystallised. This 2atter compound and (gggrpentleeH)z,TMED
are believed to contain the TMED acting as a bridge between the beryllium

atoms.
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Abbreviations

The following abbreviations have been used during this thesis:

M = metal atom, of group I unless otherwise specified.,
L = D = monodentate ligand.

R = organic or alkyl group.

THF = tetrahydrofuran,

en = ethylenediamine.

TMED = N,N,N*,N'~tetramethylethylenediamine,
TEED = N,N,N',N'-tetraethylethylenediamine,
py = pyridine.

bipy = bipyridyl.

DME = 1,2-dimethoxyethane.

X = halogen.

glyme = ethyleneglycol dimethylether.
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Introduction ’

Although the organcmetallic chemistry of beryllium has not received &s
much attention as that of many other'meﬂals, it has shared in the rapid growth
of organometallic chemistry and is row beyond the stage where an introduction
could reasonably include s detailed review even if such a review were necessary.
Hence there follows a brief survey of those aspects of organonetallic chemistry
which hsve direct relevance to the author's own work. Even so, to keep the
thesis to a reasonable length many preparative details have had to be omitted.
Recent literature articles and past theses provide an adequate source for those

experimental techniques and synthetic methods which are not covered here.1’2'3’4’5’61

VelencxijCoordinaxion Number and Stereochemistry

"?Beryllium has an electron configuration 152252. The 2s electrons feel a
strong nuclear charge w1th the result that the beryllium atom has high flrst
and second ionlsatlon potentials and small size. The ionisation potentlals;are
'sufficienﬁlj hlgh that the formation of Be?" ions is prevented an&*all~Peryllium
1oonpounds haveﬂbonds to berylliuQZWEicn'have a significant degree of'coValent
character. B | | -

- In its covalent bondlng beryllium mlght be expected to use _Elhybrﬂdlsed

' 'orbltals and hence form linear molecules contalning two-coordinate berylllum. :

Indeed some examples of thls are known but most beryllium .compounds have the
atom making use of all its velence 25 and 2p orbitals in a four-coordinate
-state. A few compounds are also known where the ‘berylliumis three-coordinate
and uses only three valence.orbltals for bondlng. In view of the great tendency
to involve 21l four velence orbitels.in bonding, twof and three-coordinate
beryllium atoms areginought of as cooroinafively'uneeturated.

TAe would be expected 1f hybridised s and p orbitals are used for bonding,

the approximate stereochemistries are, four-coordinate, tetrahedral, three-



coordinate,-planar trigonal, and two-coordinate, 1inecr, at least in those com-
pounds so far investigated.

| The increase in coordination number above two may be achieved by a number
of ways including, the formation of donor-acceptor complexes, the formation of
oligomers and polymers, and the formation of electron-deficient bridges. This
last method has so far been observed only in the orgcnic énd hydride derivatives
of beryllium. In some cases, for which MepBe is a good example, polymerisation
by formation of coordinate bonds as in the case of BeCl, is not possible since
carbon and hydrogen do not possess lone pairs of electrons. Nevertheless, poly-
merisation does take place and it does so by the formation of three-centre,
two-electron bonds involving §23 hybridised orbitals of beryllium and 1s
orbitals_of hydrogen or EE? hybridised orbitals of carbonf -

The next member of group II, magncsium is considerably more electropositive
(1.23) than beryllium (1.47) and has much. greater size. As a result mcgnesium
forms ionic as well as covalent compounds. The covalant compounds have'verv
polar bonds and 1ndeed some compounds may be’ con51dered as ionic or covalent,
.e@g. Mg(OMb)z, Mg(NMe )oe: In the 1on;c;solvates, such avag(OHQ)s 20", tho
coordination :nunbez"-—::of_"mé.gnesimn 1s six and ‘in other _éomponnds, e.g. MgClo(THF),,
it is also six. .- It is rare to find coordlnation numbers greater than four for
the more covalent compounds llke the Grlgnard reagents, ‘but it is also rare to.
find magnesium less than four-coordlnate. Many of the covalent magnesium com-.
pounds exist as polymers where the benyllium and zinc compounds are less asso-
ciated. This may well bc'beccusc‘of_increased lattice energy for the solid
magnesinm compounds through nagnesium increasing its coordination number above
foun.

The elements of group IIA show an incressing electropositive character
and form essentially ionic compounds even'with organic groups. In contrast

the elements of group IIB have an increasing electronegativity and a decreasing:



tendency to increa,ae their coordination numbers gbove two. Beryllium -end
zine have s:unile,r electronega,tivities (1 l&? and 1° 663 ), but zinc 1is consi.-
de_ra-bly 1arger. . Their organometalli-c ch_emistri.ee have muc-h in com_mon except

fo‘_:;--“-the mach grepter sbility of beryllium to form electron-deficient. bonds.

-Steric effects

An importa.nt consequence of the small size of the beryllium atom
(covalent radius 0'90?;) is the increased prominence of sterie effects of .
| - groups a,tte.ched to beryllium compared with those atte,ched to megnesiurn(l 303) |
or zinc (1 313) . The inﬂuence of &tﬁﬂo effects ney ;be seep i,n §pth '_ |
structurel and rea.ctivity teme, whez-e lower degrees of essociatd.on or.
reduced rea.ct.ion m‘t.cs are observed. Theee effects are exemnlif,'ied by t.he

T pronerti.es and resctions of di-t-butyl‘beryllium-

Disnroportionetion

The dienroportionation reection .is an importnnt fea.ture of group II
organometallic chemistry._ It is a redietﬂbution rosetion 1), in which -
symetricaI \species are produced from unsymmetricel species, as: when the
equilibnmn moves from zipht to 1eft below. _ , _

BMOv oMy o= 2R ':f (;1’:5
| .: M=Be, Mg, Zn. A=X, OR', SB', NRQ, H, R -

ulerly mportant when a.) insoluble products ¢an be formmed, snd b.) very
stable coordina.tion complexes can be formed. With the exception of the
thiometalalkyls, disproportione.tion rea,ctions to form uncomplexed metal

dielkyls or dieryls are quite rare. Some examples are shown below:
Btlige, - —ep | BUMg b Mg(We), @
WoZniMo, . ey  NepZn _+ Zn(Me,)p _ 3)°
(MeZnOMe )4 = MeZZn T+ Me6Zn7(0Me )‘8 (4)9

S Although disproport:l.ona.tion is not predictable it appea.rs to be pa,rt.io-



Dszr._.,aLAsss_basLian
The strong driving force for beryllium compounds to increese their

ooordination number above two was mentioned earlier. One of the most common
| 'methods of ach:.eving this is through association of monomer units to oligomers
or polymers. This process is particularly noticeable for the organo’beryllium
compounds RBoA, where A'= : NRY, oR-,' or sn', (a.nd Wil be for A= PR}, X, wheh
they are prepared) Similar compounds of ‘meny other group II end group III -
metals show comparahle tendencies to associate. The factors -which. affeot the- _
degree -of‘-associa'.ta.on of th'is-. type- ot-‘ :'compound gre now beginning to be under-
: stood, though their relative importanoe is somet:\.mes obscure. |
The :t‘ollcwing three factors eppear to be most significant in determining
the degree of essociation of componnds PMA (M = group II metal, A= _alko_x_ld._e,
emide, sulphide, phosphide, hallde), (5) . | | -
R = (Rea), AG=Mi-TAS L - (5)

-a.) Entropy will favour the fomation of smell units since these will contri-_
bute the greatest translational entropy per mole of monomer end hence make S
more’ positive-. So dimers will be favoured over higher degrees of associat:ton.;.-
.b.) That degree of association w:.ll be favoured which requires 1east velence
angle stra:m.__ In & dinmer .the average angle must be 90° but puokered ring
__trimers coitld be relativelv strainless.. In th:.s cese trimers will be pre- . -
' forred over other degrees o*‘ essoctntior.' m.ng' strein-’ sh.oﬂd be more easilyl'
' tolerated by the hea,vier elements. o |
c.) Steric 1nteract10n betWeen groups in RMA increase as the ring size increase-, -
so it is to be expected that as the volume of R and A inoreases dimers will be-

- come the favoured species.

- Bonding
' The ;l.mportance of. ﬂ-bonding in boron-nitrogen and boron-oxygen chemistry




is wel'l documented and has been demonstrated by n.m.r. studies which have
measured the barrier to rotation about the B-N bonds of RR&-MR"R" (10-20
keals/mol)*® and RRB-OR" (8+5 keals/mol).'t Boron-carbon Tt-bonding is found
in the heteroaromatic boron compounds such as the borazaronaphthalenes and a
recent n.m.r. study of phenyl(vinyl )dimothylaminoborane sugges)‘;;:"estricted
rotation about-both the B-N and the B-Cyinyl bonds so that only one isomer is
present in solutlon.lo
On the other hand, the importence of TU-bonding from beryllium to nitrogen,
oxygen or carbon is still nottunderstood. An X-ray diffraction determination
of the structure of the bis-dimethylaminoberyllium trimer, (I), found that’
a.) the terminal Be-N-dist-anc,e (1'57%) was considerably shorter than those. of
the ‘_fou'r-membered_. ring (165 and 1-783.) and b.) the terminel nitrogen was
coplanar with the two carbon atoms and the Beryllitim atom to which it 1is bound;;
This was taken as endence of Be-N T(-bonch.ng.12 Any compound containing three-
coordlnate berylllum bonded to nitrogen or oxygen with e lone peir of électrons.

or to en un_saturated carbon -atom l_lai_s_____‘-the possib:.lity of  TC-bonding. N.m.r._

experiments of the type used for'bor.on are iikoly to provide more definitive

evidence.
: | _ R Me _
M ' ' M
Ny g / \ Me
Me/ \ \ / \ Me
i Me,

Dialkyl- and disryl-metel compounds of Group II
The dialkyl- and dieryl- derivatives of Be, Mg, Zn, Cd, and Hg have two-

coordinate metal atoms. Assoclation through electron-deficient bondlng can

inerease the coordination number and this takes place for the beryllium and




"magnesium compo“unds g:n.ving dimers and polymers, but does not for the remeining
elements. Foma.‘t‘lon of ooordina.tion complexes w:l.th bases also :l.noreases the
eoozﬂina.tion number of the metel. It is seen that the a.ooeptor strength of
the RoM compounds decreases as the electronegativity of the metal increases-

RBe < RpMg >82Zn> R,ad > R,Hg.
Studies show that these 'compounds behe.ve es hard acids or cle.ss A acceptors
towards bases, S0 tha,t in general nitrogen and oxygen bases form: stronger
complexes tha.n phosphorus, arsenic or sulphur bases. Mercury oompounds are

'egggeptional in forming stronger comp_lexe‘s with phosphines than with amines.

mmethylberynim end dimethyl end dietnyl-magnesi\m heve been shown to
have polymenc chain structures consisting of straight lines of metal a.toms. '
with tetrehedrally disposed alkyl groups. 1_3’14 The metel-carbon distanoes in- |
dica.te tha.t the M-C ‘bond order is less ‘than one, as is expected for electron
'“;deficient bonding. All other dialkyls of beryllium studied so far are 1iqu1ds
- and are dimerie in solution with the- exception of t-BlzR which is monomeno
':m solution and in the gas phase. The decrease in sssoclation of these com- |
., pounds is attributed mainly to sterlc effects caused by the small size of the o

-beryllium atom. 257, complete mfrared, .‘Ramen and electron diffraction study

16

--of t-BuzBa has shovm the molecule to be linea.r. Magnesimn being substant:.ally

larger and more electroposit;lve--, it forms strong electron deficient bonds- for

- number of different alkyl groups and hence tends to form polymeric oompounde.

sterlc effects ‘become important for di-n-anwhnagnesium and di-s-butyhnagnesimn.l"’ls.

Thesé -comp‘-mnds-' show an inoreased eolubil:.ty in hydrocarbon solvents and are
dimeric in solutien. Both Me,Mg and 1-BaMg are insoluble in hydrocarbons but
dissolve in 'soiutio'ns 99“',“"9?-1"1..5_»11% '.s-Bt";z'Mg,. However, the compositions of the
- species in _soi';-uj}',ion were not 1n}resté:gefgec_l_. Dimethylmagnesium and dimethyl-




beryllium dissolve in trimeth&lalmninium to give species Mg( AlMeu )2 and
Be'(AlMeu.)z". The magnesium compound may be isolated and en X-ray anaslysis
shows it has structure (II)19

Both diphenylberyllium and di-

- . i Me\ Me
phenylmagnesium have low solu- Me ; A’ e Mg-” Me~_, Al/

: ' Me S o0t TMe””
bilities in hydrocarbon solvénts Me - Me
and are presuma,.bly ‘electron-~

(1II)

deficient polymers. .
The coorfii'nation chemistries of B.zBe and RZMg compounds are how relatively
extensive, Formation of a complex will only take place when the coordinste
bond formed is stronger than the electron deficient bonding of the polymer or
dimer; Since magnesium alkyls have stronger bridge bond than the berylliu_m
a.lkyls, coordination complexes of magnesium do not fom as readily es those of
beryllium. The diphenyl compounds ha.ve increased acceptcr chere.cter compared
with the dlalkyl compounds due to the electron-withdrawing phenyl groups.
This. shows 1tse1f in the greater stabll:Lty of thBe 2L compared with say, |
Et;Be,2L. i o | _
Trimethylemine is sbsorbéd reversibly by Me,Mg but no stoickiometric com- o
» plex is obtained:.zo This contrasts w:l.th the beryllium dialkyls and diaryls |
which form stable 1:1 complexes B2Be NMe3 .and less stable 1:2 complexes
RzBe(NMe )

For steric reasons 1-Pr2Be and t-BuzBe only. fom 1-1
complexes w:Lth NMe3 The l.1 complexes are monomeric in the vapour phase

54 nNn nn
Silgiligiyy

2l 25

and in solution and so contain threeecoordlnate beryllium, Pyr:Ld:Lne, a stronger

base, forms. I:2 complexes with a number of dialkyls (R = Me, Et, prt, B,
Bt 28) unich are coloured.
Trimethylphosphine is a weaker base than trimethylamine to beryllium and

forms e c_oordins;te bond of comparable strength to the electron deficient methyl -




bridge borid ‘so that the following ‘squilibrium is set up,

Me ' PMe :
\ / 3 N .M 3 -PMe3 phosphine e,nded(6)
/ ‘\ /‘Be “~Me-’ \ &H{ea longer chains
. M_e-3P Me

The only I_‘irmly established’ phosphine complexes are t-Bu BePMé315
th'BAe'(H'Ie3) ’ the latter being slightly dissociated in benzene.
The etherates Et Mg,OEt end Fh Mg,ZOEt are reported to crystallise from

2
30,31 and- MezMg crystallises ether-freejz. Moleculer weight meas-

ether solution
urements s'ﬁow: that Bt Mg end particularly _MeZMg retain some a’ssociation in
diethylether’ . Although organo-beryllium compounds including Me,Be ere soluble
in die{;hyleth‘er the only et-hei'ate‘ isclated so far is Ph,Be;20Et, and this hes o
considerable dissocietiOn pressure of ether so thet the 1:1 complex is obtained
on pumping . The ether ca.nnot be completely removed from the dialkyfl.s by

- pumping,. but it may be. removed by refluxing under h:.gh va.cuum. : Dime'thyl'ether
_'!and dime‘thylsulphide appea.r to a.ct tewa‘rds Me,Be in a similar way to H*Ie3 29 3"’
; .- 'Towarda thBe they rea.ct to glve 1-2 complexes. Meesureme_nt- of the .heet-of :
dissociation in the sys‘bem ' ' | |

Pthe,Lz = thBe L + L. o | '-(7:),' '
have indicated an order O>N>S >P.35 This" contrast.s with the order nomelly
found for class A acceptors such as MeBAl, viz,-N>PY0?7S, and is probably the
result of _increesed import.ance of steric interactions in the 1:2 complexes: -~
- Mn "feerlier astﬁd"y of the heats of coordination of donors: to"MezBe indicatedan _
siger , N>P>0>As 8.2 -

) Some of ‘the most importent chela.ting 1igends sre TMED, bipyrddyl, l 2=
dimet.hoxyethane and dioxan. Compleu:es of thesa 1igands mi'l‘:.‘.h R,Be or R)Mg have |
a.lways been found to ‘be monomeric, and ‘can’ nomally br fomulated with four-
coordinate metal atoms. 21, 26’36’37’22’38’39 ,lbO However a low- tempereture NeMer.
study of t-‘BJ. Be mED showed tha.t enly one dimethylamino group of TMED is




_ : . 9
cooz'dinated to the beryllium end that complexed end fre'e am'ino" groubs ch‘ange
pleoes rapidly a.t room tempetatu—re.ij While the bd.p,yridyl adducts of B2Mg
decompose re)pidly, those of RZBe are stable and meny of them are brightly

| coloured. Eﬂ.ectron transfer from the Be-c bond into- the lowest unoccupied
molecular oz'bita.l of the heterocyclic system is thought to give rise to the

' colours. The a.bsorption moves to the red‘ forwelectron releasing groups a.nd

-vto thé blue for electron attracting g::oupssz.6 ‘

- Ionic complexes with ma,gnesium or beryllium in the anion are lmown.

From ether I.a.MgPh3 and LiBePha, a.nd from dioxan*l.i.l'lgPh3 "’CRHBOZ and
LiBePh3,4q+Heoz, ma,y be isolated from the reaction of Phli with PhZMg or
thBe A The: base—free compounds may have polymeric structures 1ike LiAlEtu
v_rather thsn ionic structures. N.m.lr.”studies on MeLi/MeZMg mixtures have
ehown the .preseno-e of LizngMe. and“I.:L-B-MgMes in ether solution but not- the T
presence of LngMeB Recently an X-ray diffra,ction study of I‘J'ZBSMQM. has
.found 4t to be lonic with a tetrahedral anion.}'"3 Diethylbery]lium forms a
seri¢s of selis (}ﬂ()(BeEtz) where M=Ii, Na, K, EtyN, X'= halogen or: cyanide

'and n =-1 2,3,4.@ Complexes of RzBe with alkali metal hydndes are discussed 1=

la,t'er.-

Z{mo dadmium _and Mercu_
Zinc, cadmium and mercury dialkyls are volatilo 1iquids, soluble in non-
polar solvents PXIG mouomer‘ in solubior -ud in the vepour The se. Thelr
infrered and Rsmzm spectra are cons istent with a 1lineer R~ M - R ,tructure _ '
and s sp. hybridised orbltals may be thought to be used By the metel. It 13 |

_ believed the.t fometion of . electron-deficient bridge bonds is orevented meinly
because of the lorge metal-metel repulsions that would exist in an associated
species. - -Di'phenyl—,. divinyl-.-,. and dicyclopraopyl-zinc are a1l e;pparently mono~

meric. Some mixed compounds R!'ZhR end R'HgR have been _prepa,red by the reasction
of RI.:L or Mg)( on the organometallic halides b5,46,lb7,h8 ‘The zinc compounds


http://halid.es

' slowly disproportiona,te to th'e symrietricel compound's (8); tut for the meroury
compotmds -an equilibnmn mn,xture of symmetrical end unsymmetrical species is
established containing arneprly ste tistical distribution when the organic
- groups are not very different. )
| 2RZOR'  —% B2+ Ry o (8)
The coordination ch_e'nistry of -RyZn compounds is now an extensive snb;}ect._. ,
It resembles that of the corres'pohding beryllium compounds iri -mex__l_-.y respects. _
- With mon_od_‘_en_'tate. lig:a.nds the 1:2.'ccnnn1exes are often consid.era.bly__—-tliissocie,ted. :
- into the. ihore stable 1:1 complexes, Diphenylzinc foms more stabl-e 1'2 come '
plexes and. foms more steble complexes with 1igands of lower ‘donor’ strength
such as the phosphines. Cheleting 1iga.nds, such as 1 2-dimethoxyethe.ne, 'MED,
. bipyridyl end 1,4-dioxan, es expected fom very stable complexes and eyen
chela.ting dibhosphine and diarsine edducts have been isoll!a:,ted."l9 - '
- Using- a dielectr:l.c conste.nt titration technique the stebility of R22n
complesces with ‘]‘MED and bipvridvl, :Ls compa.red for varlous R groups. g
-decrease in order of ste.b:.lity for R?Zn, TMED is found, Me‘)Et)i-P!‘)t-m, but
the decrease for RZZn, bipy is t-Bu>i-Pr>Et>Me. The. change in order i attri-.
- buted to' the : -bonding e.bility of the bipyridyl 1a.ga.nd.5.° B

Coo:ﬂination eo'_ pletxes of dialkyl- a.nd disryl—oadmiwn comgounds are much

less stable tows.rds dissociation than their zinc analogues, while the mercury

_ o.ompounds do’ not form complexes unle_ss the org_anic _z_roups are very -electron
'.Tv'rithdrewing', e.g. CgFs) CFB-.':""_'_' | v |
| A nt-mbe'r of anionic oomnlexe"s:} of"“:zinc heve been reported.. They, generally

fell into three types, MZnRB, MZZhhu and u3m5 Those of the first t'ype-are

"~ probably electron-deficient polymers in the solid state but are thought to
51.

contain i_ons of the follow:mg ‘type in solution,




whereas these of the, MZZ"RIJ- type are ionic '.‘Ln both phases. X-ray studies on
mzm‘% show it to be e selt with ‘the zine tetrahedrally surrounded by methyl

groups in the enion.52

"The last type. has "been shown to be present in ether
solutions of MeL:. end Mep;Zn by n.m.r. studies. It is believed to have the

structure of the tetremer, (Meli),; but with one Meli replaced by Mez'z’;;;'?? v

Alky i'l- lithium -sodium_bend otassium_compounds

- Alkynyl-sodium and -pota,ssmnr compounds. RC:GM, mey be prepa.red by the
ection of the metel on the l-alkyne in liquid ammonia,, ether, or tetrehydro-
furan, Alkynyl der'ivetives of lithium are better made, however, from elkyl-
' -lithium ree.gents. (8) .

TR % HGRY = RMGEOM 4 R T (8)

Tl'-'x'ese”‘ ooMiioﬁﬁtis»' mus’t Ib‘e re'garded as essentielly ionic, elthough there is no .-
infome,tion concerning the structures of RC=CLi derd.va,tives. The crysta,l _
strueture of L‘lC-GI:l is found to be ionic.5_¢ Recently lithiutn ecetylides were
__shown te be the principal products of the reactions of 11th1um with. .some.
| l-elkenes, a,nd ot lithium with ‘substituted v:mylbromides in tetrahydromran 55’56'
| There :|.s no defin:.tive 1nfomation ebout struetures of ths polylithia,ted
'aeetylenes 'but they are thought to conte.in, allene units of. the type. I.a!‘fC‘CLiZ.

r

bA lithium e.cetylide complex uith ethylenediamine cen be c!'ystallised, ‘ '

('IAOECH.- en), its strl_zc-ture also remains unlmown.s'z’s8

_ Aler_:xl derivatives of Groug II -
o Uncomplexed oompounds oonta:ming alkynyl-metal bonds are not known for

beryllium and ma,gnesium. Those of zine end cedmium are electron-deficient
polymers end those of mercury monomericc A few complexes of (Rc=c)2M with
emines ha,ve been reported for M= Be, Zn, Od, while dialkynylmercurv cOmpounds

do not form complexes.

In 3 report given a few years ego the complexes (PhC#C)zBe OEt,,
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[( PhC=C)ZBB] 2»bipy and [(HIC“‘C)gBe]Z,o-phenanthroline were thought to have

been prepe,red. The mono-ethera.te WeS monomeric cryoscopically in ‘nenz.ene.s9
Infox:natlon on the structures of the RC:Cng and (RC-C)2Mg compounds

whose prepa.ra.tion in donor solvents :ls descnbed la,ter (page 34 ) is restricted

to one reference. Partial eva.poration o.t' a T}n“ solution of the solid prepared

from PhCG=CH. end -BtMgBr y:!,elds a mixture of MgBrz.‘,(‘l'HF);+ and two types of tri-

clinie needles of (PhC“C)ZMg,(THF)N, which may well be cis and trens octahedral

complexes, 1like the ha,lide complexes. 60

The metelation reaction (9) has beén realised in a few cesea,6-_]"6_2:'.63°:1

the rate of rea.ction incx‘easing— enormouslv ‘as. -the base strength of the 'solvent

incre'_eses.é.b Addition of M-C carbon bonds does not take place simulteneously.

. RM - 4+ RvC=CH -—-> R'CSOMR ~ #  RH 9)

R'CEOR *© + R scH -—> R'C=C)2M 4 2mH

| o M= Zn,w,' R = Me,EE,Ph; B! = Ph,octid.
Phenyl(phenylethynyl )zinc slowly disproportiona,tes in ether (10) o ' ,
| 2PhgncscP —> (Phc=C)zzn SR thzn @)

Both di,phenylethynyl-zinc and - -cedmlum are white solids, practically insoluble

in non-polar organ:tc solvents, but di-l-octynyl-zinc and -cedmium are soluble

in hot benzene a.nd molecular weight de,ta suggest that they are linesr polymers(III) 5

Diphenylethynyl-zinc and -cadmium \ R - ,R
;) qqo’lve in ]'i 4 ia and . Ml’ \‘:eM' M
. qu1 pmmonia An Va ~<p- S
o “R o
crystallise as azmnmes, : : S , M= Zn,Od
M(C"CPh)z.xNHB . Similar sthynyl . - (mmI) R % PhceC-

deriva,tives ha.ve been made from the motal amide and a.cetylene in liquid ammonia.66
These ammines are’ non-eleotrolytes but compounds KZM( C"CR)u are three-ion
electrolytee a.nd have 1onic erystal structures 67 (11). 'l‘h_e Tn=C= »bond

L R liq. N |
_Mgscn_)gz..;.ZN% +  A4Rec=cK -———H—av sz(ECR)u + 2KseN (11)

REH,Ph § M=Zn,Cde
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length is slightly shorter than that in LiZZnMeu (2°0 vs. 2¢074). Dialkynyl-
mercury compounds are easily prepared by adding the l-alkyne in ethanol to an
alkaline solution of KéHqu.és

2RC=CH + xznglu_ + 2KOH ——> (RC-:—C)zHg + 2H0 (12)
Variations lead to other slkynylmercury comliounds,69 or Grignsrd

2RHgX + CoHy + 2KOH —— RHgC=CHgR + . 2KX + 2H,0 (13)

PhHgBr + PhCSCH + EtsN ——> PhHgsCPh + BtgNHBr (14)
reagents may be used.?

MeHgI  +  HCSCMgBr  ——3>  MeHgC=CH  + - MgBrl 15)

Alkynyl derivatives of Group III-

The last few years hsve seen a lsrge-increaSe in'the-number~of compounds
-containiné en alkynyl group directly bonded to a2 group III metal. It has been
demonstrated that the alkynyl group has superior bridging ability to an alkyl
group and dimeric compounds of aluminium, gallium and indium have been pre-
pared, all-of which are believed_tp;contain-eiectron-deficient alkynyl bridges.
Althoﬁghiehelogous b&rdﬁ compoﬁnds are known;iihere are no moleculer weight
data available to show if electron-deficient bridges are formed in this case.

A large number of coordlnation and ionic complexes for boron snd aluminium
“have been: described and in certain cases, partlcularly for the trialkynyl-
metal derivatives complexation is necessary “to enahle the compounds to be
isolated (otherwise they would decompose too rapidly).71’72 |
Alkynylboron compounds are prepered by the action of elkali metal
acetylides or alkynyl Grignard reagents on boron halides, brganoboron halides,
or borates. .The reactions are often carried out in the presencevof a8 com=-
plexing agent because complékation increases the stebilit& of the products.
Trislkynylboranes polymerise during their preparetion if a'§£i6ng base is not

present. The types of compounds s&nthesised in this way are listed in the
table- below.
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(RCac)js;D" 73.,-8'5. o f’;f__ns;.‘é;cmu 86, 67
(RosC)ER 8.  RNK(GCR), 74y 91
"(RC:C)BR§ 88, 78, 90 (R'0),BCSCR 75, 76, 79, 90
(RozC)ERS,D 82, 83, 69 X, BO=CH 80

BBCCBR, & M(R'O),CZCR 73, 77
((Re=C),ER'sD 89 - RCSCE(NR), 90

thers, have been pr,epered*-by;met;ale,tion a-nd:' redistribution -reactions,su €. .
MBRSH 4 HCECR =~ —) MBBBC“CR + K (16)

The best general method for the preparation of elkynylaluminiwn compounds

is the ree.ction between elwninium helides and sodium acetylides. 92°93 ’9”"95

'n‘zm ¢ R'CZNa S  Ry(R'CSC)AL *'.'.N_e? .'(17)

0Xy o+ 3R'c-cNa — (R'C=C)3A1 D 4  3NaX _'», (18)

| Reaction (17) may be cer:d.ed in hydrooarbon solvents to obtain the uncomplexed

' compounds or :Ln a donor solvent 1n which case cooniinetion coniplexes ere

obta:l.ned. The uncomplexed compounds R(R' C"C)ZA'.L end (R' C—-C)BAJ. are unstable -

toWards decompos:l.tion and indeed some uncomplexed txd.alkynyl compound.s C

_ decompose violently on uarming to 100° A wee.k donor D ma,y be dlspleced by
e, stronger donor D' (19) - o '_‘- g
RQ(R'C:C)AI D 4 D' -—--> : jl?Z(IR'CEC)AiIﬁ"‘ + - (19)

. ﬂk}m'l =al_1_:_:f.11r.ium ccmp su .ae mey sls6 e preperad hy the resction of pju or
RyALH with terminel alkynes (20), (21), (see page 35). 96 97’98’99’100 102’103
n-c—cn ¢ Ryl —h nz(n'c=c)n + BRH (20)
RIGCH  +  BAE = | R(RGOL 4+ B o ! @y
A transmetala,tion resction :I.nvolv:mg dialkynylmercury compounds hes also

yielded o trlalkynylaluminiwn complex (22)93,101

hmetosomy, HamomBan Dam(em)yp 4 ok ()
Severa,l. selts ha.ve been isola.ted J.n which elkynyl-eluminimn bonds are found
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in the anmch. The principél's”yhth‘etie route is the resction of l-alkyres with
compounds ‘of genersl formula Mﬂlﬁh&_n (MLA , Nes hG,l 2,3,4) e.g. 93,103, lou’1°5’106
L mm,, + uR'c=cn L MAl(C“CR )u + ’*Hz- (23) .
Other salts are. ‘more convenient.’ly prepared by redietribution reactions (2u) (25).
mlm, St MA(GRER') . ZMALR(GECR'), (24)
| m"u +  Mi3(cscR' )u, -—-» ZMﬂHZ(c-cn' ) (25)
'-The products isolated me,y be solvated, e.g. NaAlMeZ(G:CPh)z THF, -in which case
they are more likely to be ionic than the insolvated ones which nay have con |
stitutions like LiAIMeys o' | R |
The more sy’xmnetz':i.eel-- Bz'Al,._CECRf _.fcompm'_li'idefﬁre solids .(e.. g MezAlCECPb,_
PhpAl G=CPh) while the rmin&éi- areliquids wbich may be dietilled at low
‘p'i"'e'ssuire".' ‘They are a1l 'e'-xtremelyﬁei'r .énd molsture sensitive. Compounds of
the type RZAlC‘CH heve not been isola.ted since polymerisation oceurs during
their foma,tion. The,y a,re dimeric in bonzene and unlike trialkylelwniniume
do not tend 'bo become ionomeric as R gets larger 65’9""95 P.m.r. measurements
have established t.hat the bridge bonds e,re formed exclusively by thede-carbon _
:of the alkynyl group (IV). 107 mysg bridge bond 1g: stronger tha.n the alkyl,

alkenyl, or a,ryl bridge bonds. While o R\ /R

""'-complexes az(n'c:c)m D end R(R'cac)zu D . o ,A-'l; o |

a are- said to be stable, few hsve. been w‘ell R'-CEG_, ﬂ,f EC—R. '(ﬁ)
characterdsed, tha d'lnry‘l(nlk‘ynyl)nluminium | - R/ \R | '
complexes be:mg the best known. 92,103,108,109 For the weaker dohor complexes

sueh as 'che diethyletherates, the strength of ‘the coozdinate bond is about _-
the same 8s, that of 'the bridge bond of the uncompléxed fom 580 tha,t an equi-
L .librium exlsts (26) and it is possible to remove the ether by distillation ad'.
reduced pressure.9 Cor o
(RzAlc'CR' )2 + 2Et20 = 2R2A1(CECR') OEt2 (26)
'Ihis equ:.librium probably accounts for the low stabilit uy of RQAI(C"CH) OEtz




o tempera.tures than for almnlnium

| 16

- coxnpiéiee. Nemer. endence suggests thet MezA‘l.C"CPh disproporuonatee sig-

.niﬁcantly in. etber or THF into MeBM.D end MeAl( C:CPh)z.D.’?’("s The number

of tr:ialkvnylaluminimu complexes, (RC’*C)BA'I «D is quite large although manv |

hrve not been sdequately charact.erised. AL( G‘CH)B.C‘,HBOZ and AL( C:CBl)g.mHeoz

ere monomerlc in dioxan and A;L(C"CB.I)B.C)J_HBOZ is monomer:lc in. benzene. 92’109’93 195
The C'C stretching freouencies do not appear to be pa.rt.icularly s:l.gni-

_ﬁ.ca.nt. Values for phenylethvnyl—bn.dged d.'l.mers, (R,ALC=CPh. )2 are lower,

2050-2100 cms"l then for slkylethynyl-bridged dimers, 2100-2170 cms™: Com-

plexation appears to raise the frequency of these compounds. end successive

'r.eplaeement of elkyl groups by slkyhyl groups raises the_fre_quency. slightly.

(MezAIC!CPh)z 2050 ems™! Me,ALCeCPh; THF 210 ons~1
(MeZGaCECPh)Z ., 2050 chs?l Me’zGaC!CPh; “THF 2110 ems™t
(Et2A10=CMe Yy ,210.emg™  EtAl(C=Cite) .OEtz 2150 ems™L.
EtzAlc_CMe 0Et2 "'2150 ems”t C u(cscue)3.om2 2165 ems™L-

malkyl(alkynyl) compounds of gallium and indium have been prepe.red by
the rea.ction -of the trialkyls with 1-alkyne<: (?7) Urﬂ.ike ‘the* reection with
RgAl there appears to be very 1itt1e addition of metal-cerbon bonds to the
alkyne. Metala.tion is the predominent rea.etion and it pz‘oceeds a.t lower
111 ,110,65 : :
_'_-.R_BM' . R'C"OH | ---_-) | Bzmc-cn' O RE | (?7) |
KMe,Et; R'=Ph,H, Ba®; M‘Ce.,In.
. ﬁoth Mezgacchh "and_MezInC:.‘-Cl:_.é}}"aré _'Jjjiéric in benzene solutioh and the similarity
ef specti'oscopic data to those of':Me.z.AlCECPh suggest that they to.e have bﬁél.g‘ |
ing phenylethynyl ‘groups. Two trialkynylgallium dioxan complexes ha,ve been
- prepared from gallium trichloride e.nd sodium a,cetylides, (HC—C)BGe, Q,Hg)z a.nd
(cnjcsc)3ca,q,ﬂsoz._ |
m.methyltha:llium alkynyle ma,y be prepared from MezﬂNH2 and 1-alkynes
in llqu.'ld ammonia (28), and eemplex selts, MTl((ECR)u, i‘rom: elkali metel

. .
' i
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alkynes and TLCLY, 4N, in 1iquid ammonie (29). S

'I{Iezi_’_'ﬂ,.-Nl_iz + HCECR > Me,TICZCR + NHB- o (28)
' R = Ph,Me,TlMe,
:r-'1c13,4m33 + RC=M ——  MII(CECR), + 3MQ (29)
R = Ph,Me} M = Na,K,Ph, P
_ The MezTIC:CR compounds are water sensitive but are soluble as monomers in

liquid Nﬂs, pyridine and eniline 112 113

Orgenometsllde halides of Group IT:

AT

The organomagnesium hPlldes, organozinc halides end organomercury :

h*hdes have received & great deel of a.ttention md are among the ea.rliest

and.’ best known orpanome‘tallic compounds. On the o‘bher hand there is almost

no infomation about, the beryllium and cadmium compennds. Surprisingly, it
is only for z:mc and mercury tha,t the comp051tion of the unsolvated. compounds- )
s’ knem, and it 1s only recently that Hight has been shed on the siid state: |

.'-and solution propert.ies of the solva,ted megnesium compounds. The fluorid-es

a,re l:l.kely to have very interesting structures but a,t present have net been

_-St“d’-ed'; T .. _:_..,__‘?f'.":.'.__-.

Many years ago alkylberyllium halides were prepared by hea.ting an . _
alkyl halide with beryllium in ether in e sealed tube but the eonstitution
of. the products: wa.s not es:tahlished. 4115 More recently some comple_x_a_e"

_ ;_ of alk-,irlh'eryllium halides -have, been made. As , by-product of the removal of
ether from t-BuzBe OEtz using Bedl. or BeBrz, the corresponding: re'ther oomplexes |
of t-butylberyllium halides were prepared. Both were dimeric in benzene and
since the bridging properties of halogen are undoubtedly better than those of

t-butyl, they are fohmxlatad 4% ‘the sime wsy as. (t~BaMgCl, OEtz Yos. (V)
- diethyl ether the ohloride is _monomeric. end must be t-BaBeCl, (OEt-z )2
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A blpyndyl compl.ex, 'EtBeCl,_bipy,' is 'd:es-cr.ibed &s a yellow-orange crystalline
compound: vwhlch disproportionates on prolonged extraction with benzene.ll_6 The
complexes KF.Et,Be and KF.(Et Be)z, formed by the addltion of potassium fluo-
r:lde to diethylberyllium almost certa:l.nly- conta:ms fluori_ne bridges, and the
latter may have a linear ﬂuor:me bridge as found in ICE‘M‘.6A12F.’w

. Dlmethyl-, diethyl-, and dlphenylberylllum were found to redistribute
rapidly with BeCl.z_ and BeBr, ;l.n-d:n.ethylether so that equilibrium (30) lies
predominantly if not entirely to the right.

RpBe 4 % Bex2 e ziuiex S (30)

This was establlshed by a, combmat:.on of experiments'
1.) molecular welght measurements show that the beryllium contaim.ng species

of -alsl RQBe BeX, mixture in d1ethy1 ether is monomerie, 2.) addition of

_ ,‘.-l'-.di-oxan- toal:l RzBe:Bexz m_1xtures results in precipitation of the RBeX,

dio:_can, 3.) the low temp,erature pem.r. spectra of Me,Be end 1:1 Mesze::_BeX2
in ether show & single resonance b4 C.D.S. ape.rt. 'l'llat of 8 2:1 mixture of
MezBe BeXz showed two resonances, one characteristic of MezBe, and the other
of the 1-1 mlxture. Since ‘the signals bear & 1:2 ratio this is evidence for
the- formatlon of MeBeX.u'o |

The alkylmagnesium helldes, called Grignard reagents after the1r dls- -

'coverer, have, an 1nterest1ng hn.story, wh:Lch cennot adequately be dlscribed

in this brief introduct:.on‘.ll? 118 Th.ey are usually prepared by the dlrect
reac'ti,;on betwe_en an alkyl or aryl helide and magnesium in a basic sélvent
such as 'dietuylether and this easy a.nd versatile preparation has led to
their ’wideepread use as synthetic .reagents.

'Dwo 1mporta.nt problems have been recognised. The solut‘lori of the first,
an understandlng of the comp051tion of Grignard reagents in ‘solution, 1s nec=-

essary - for the solut1on of the second, an understending of the mechanisms of

their reactions. COnsidereble effort has been devoted to the first prc;bl'em




_ ha.ve shown that the exchange reaction (32) does teke plac

but the position 15 still not ‘ehitirely clear, while sstidies. of the second

problem haVe proved very diff‘icult.
i?eliable molecular weight detenninations have shown. tha.t in THF golution
the Grignard reagents are monomeric over a wide renge of ‘concentration and

that they approach a monomeric cdns;;tution in diethyl ether with increasing
119,33

E dilution. These solutions presumably contain RMgX(D) species with n

probably equal to two. More concentrated solutions in diethyl ether show

‘increasing association and are, usue.'l.ly at 1east dimeric in 1 molar solution.

Gomparison of molecula,r weight data with those of RzMg end MgX, compounds
shows that the as:socie.tion takes pleJce through halogen bridges. Specles like

(V) and/or (VI) must be present. t-Butylmagnesium chloride etherate is dimeric .

in ether and in benz.ene ‘and ‘is reasonahly thought to have structurer (V).

N\ ai AR AW
AT g

The changing degree of association of Grignard reegents in Etzo arises

' because the helogen is able to compete with the sol-‘vent molecules for coord-

[, e -

1nation positions about magnesium whereas it cennot displece the more basic ".

THF., Some alkylmagnesimn bromides and chlorides are monomeric in NEt3 but

the 51tuation is more complicated for -iodides or aryl compounds .1.26 __ |
The disproportionation equilibrimn (31) is suggested by the precipita- -

tion of magnesium halides by the addition of bases such as dloxan to Grignerd

'rea.gents. Molecular Weights do not give information on the position of equil-

ibrium. Redicactive tracer studies of 121 mixtures of ether solutions con—

'baining MgBr2 (labelled with redioactive magnesium) and Etzug (not labelled)

121 122
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TRMe 4 Mg e=> omex L (31)
Btg + Mg, s Bugm  +  EeE ()
X-ra,v diffraction studies of the crystalline Gngnard reagénts
EtMgBr(Etz() )29 PlngBr(OEtz)z, end PhMgBr(THF)Z, show each to contain- Rng
units with tetrahedrally bonded magnesium 123’12}4' 125 A similar study on
the dimeric Grignard, (F.H::MgBr,I\lEt';3 )2 indicated halogen bridges end a tra.ns
"disposition of lfl.gande.l26 R '
N P.m.r. Studies have demonstrated that there is rapid exchange of alkyl
groups emong the various ma,gnesium species i ether solvents end that the -
p.m.r. spectra of Rng end the corresponding R2Mg compounds - are essentially
the sanle. Fluoroaryl groups do not exchange s0 ra.pidly, and using the chemical

19;

shifts of F it has been possible to- obtain ‘the ra.t:l.o RMngB.ZMg for a number

of phenyl Grigna.rd reagents containing a par fluorine a.'l‘.ont.].f?_,7

Gngnard reagents are reported to resct 'with other ligands which- preci- _-: o

p:.tate the halide o8 8 magnesium halide complex, apart from.l lb-dioxan. -
These includeil,a-dimahcxyethane end TMED. In contrast TEED and an; ether .
solution of e Grignard reagent (EtMgBr,PhMgBr,p—FCé_BuMgBr) give the ocorres- -
ponding RMgBr,TEED edduct. In benzene p-FC6HuMg.Br 'I'EEDois _monomeric and"“shows
_;no tendency to d:.sproportionate. It has a p.m.r. spectrum at ‘room’ temperature
'with broad resonances for the TEED which wers not investigated. 2B Howeuer,
sddition of TMED to MeMgBr in. sther glves MeMgBr, TED, & sharp-melting, |
sublimable solid,> )

.Although Grigna:nd reagents complexed with bases have received e grea.t
‘deel of. attention, knowledge of the unsolvated compounds is very lim:.ted. It
has been: found that alkyl end aryl halides will react with magneslum in a
hydroca.r‘bon solvent if the condit:lons are right. The compositions of . these :
unsolvated orgenomagnes:um halides vary, especially with time, but often for
freshly prepared solutions they correspond closely to RBMgzx.

Sevaral donor solvents have been used for the preparetion of alkylzinc L -




.
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_..‘ha.lides <£r0m #ine and en slkyl halide. 130,151

The unsolvated ethylzinc
halides ( Gl B!',I) heve been prepared by dissolving the'z.z.inc halide in excess |
diet-hylz-inc end evaporating the: excess. Ethylzine ohloride and ethylzinc
'brOmide are tetrameric in benzene and do not disproportionate in non-poler
solvents. ‘A structure sim::.la,r to that of methylzine methoxide has been proposed
: .-for them. .33 ‘Ethylzine iodide does disproportiona,te in benzene, precipitating
_zinc 1odide but may be crystallised fromebthyl iodide.. In the crystalline state
it is a coordina.tion polymer with zinc and iodine atoms: foming 8 sheet<like -
la;yer lza.tt‘.ice‘132 13’*

A number of studies have shown that the equilibr:l.um (33) in ether solvents
lies -well to the right.. -‘Bat_ in oontrast- to the magn-esi\im ‘and beryllium cases
the equilibrium may not be esta.blished ra.pidly 135,136,137 -

CoTey

xym an2 v—— zRZhK o (33)

If. TMED is a.dded to 8 J.-l EtZZn ZnIz mixture in THF soon* efter preparation, -
ZnIz TMED crystallises, but ifit ds’ a.dded after a week at 25° then EthI,TMED

B crystallises. Other coordination oomplexes that have been isolated include

_- EthCl TMED, EthCl(py)z and a,series of arylzinc halide complexes with
_ 1,b-dloxan or diethyl ether.1-3__9’138 | e '

There is no infomation on the constitutlon of organocedmium halides.
The ethyl compounds, Etcdx, are described as insoluble in hydrocarbons and
in ether, and so mist be highly associated. From ether n-BiCdBr and PhCJdLr
heve been crystallised ‘but no molecular weights were reported 13

A survey of organomercuric helides is found in reference 1, p. 1%-157
The chlorlides, bromides, and iodides are linea.r, monomeric, crystalline

oompounds. The stability of the m* unit towards water and oxygen appears -

to i_ncr_esse -down the group ‘m_xt not so merkedly as that of the RoM uni't of
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group IIIb. Alkylmercuric chlorides ionise in the presencs of triphenyl-
‘phosphine to glve (RH_,PPhB)+Cl aid RHgF compounde behave 1argely as selts,
dissolv:.ng in water as (RHgOHz)'F . '

.o:-‘.anometauie-“midas of Group IT . ..
In frener.nl the rea,ct:bon between secondary smines and the metel dialkyls
produces RMNRQ compounds that are associsted to polymers (Mg), dimers (Be,Mg,2n)

.. or. trimers (Be) The zinc compounds require heatinp at, 50-70° for ree.ction

- to tske ple.ce wha.‘.l.e ‘t.he beryllium and magnesium compounds react at obout. room
-temperature. Adducts of RMNRZ with strong bases have. been isolsted. They
show Y gres.ter tendency to disproporhionate thsn t.he uncomplexed species. No

"’._'mercurv or cadmium compounds have been reported.

Of 'bhe fac‘bors discussed earlier conceming the degree ‘of e.ssooistion of
oompounds fornied by the raection of metal diejlkyls with- weo,k aclds, sterir eri- ot_-
efi‘ects are most importa.nt for i‘.he aminoberyllium alkyls. Where bulky

......

organic groups are present dimers become more stable thsn trimers es illust-

1b0 11&3,

'--’_ratad by the sez'ies (MeBeNEtz)B, (EtBeNM’ez)S, (EbBeNEtz You Re otion

s

..«?--takes place readily w:Lth the exception of . di-t-butylberyllium. The complex
| -t-B.lzBe NHMe is easf.l.y prepa.red bu‘t. elimination of iso-butsne is- not complete
even at 70° This is believed to be beca,use the smino hydrogen is well |
| shielded and would. f:md it difficult to come within reection’ distanco of the
-Be-C bond. In a s:.milar ws,y to some. group III dimethylamino der:\.vatives,
MeBeNMe2 is polymerie in the solid stete but trimeric in solution and in
the vnpour phs.se. ' | _

" The prima;ry amine, t—ﬁn\lﬂz in rea.ction with MezBe gives & trimeric _.
compound (3’4) ’ whlch a.pperantlv does not react with more. MezBe to give

T8
(MeBe)ZNB.lt (35) nor does it eliminate met}iane quantitatively on hea.t.ing.

. Me Be - +-' BltN'Hz --» -(MeBaNHB.zt) + MeH (3u)
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?Me,Be + ButNHz —— :_31_(14IeBei\llwIB.1t)3 + MezBe + MeH (35)
One mole of methane is evolved from the reaction of Me, Be (1 mole) and MeNH,
(1 mole) between -90° and ~10°, and enother 0+5 moles on heating to high tem-
peratures. No products from the reactlion were c:l'uawac‘c.erised.]'L"2

In the compounds described above the beryllium atoms of the four and six
membered rings are still only three coordinate and therefore they should react
with bases. Complexes with pyridine and bipyridyl have been obtained, e.g.
(MeBeNMez,py)z, colourless; MeBeNFh,.2py, deep yellows MeBeNth.bipy, brick
reds The colours in this case mesy be due to electron transfer from the Be-C
bonds or from the nitrogen lone pair into the heterocyclic N-system. Dis-
vroportionation sometimes complicates the reaction with besses, e.g. MeBel\lPrrzI
and pyridiné produce MezBe,pyz.lu'o

Trimethylethylenediémine, MeHNCHZ'CHZNMez, gives dimeric complexes with
MeoBe, EtZBe, Ph,Be, Me,Mg, end Me,Zn by elimination of hydrocarbon, (VII).

Bat with t—B.laBe steric cbngestion forces a unique monomer to be formed, ..

(VIII).26’8,21,36
Mez
CH2’ \ Me Ho.:
- c \Me? / N\”gﬂz
Hz\m ~-CH . t-Bu - Be |
Me \‘;M/ | 2 ‘\N/ Ch,
Mo N\ y.—CHa Mo,
M=Be, Mg, Zn. Me,
(Vi1) (VIIT)

Aminomegnesium 2lkyls tend to be polymeric unless the orgsnlc groups on
nitrogen are large. Both nitrogen snd slkyl bridges must be present in these
polymeric compounds. Ether from the reaction solvent could not be completely
removed from (EtMgNEt, )n or (EtMgNPr% )ps but it mey be seperated from the
crystalline comvlexes EtMgNth.(OEtz)z and iPngNPhZ(OEt2)2 lerving polymeric
meterials, More sterically hindered amines do yield dimers such es (PrngNPr%)z
which are among the few compounds which contain megnesium in the three coordinate

state. 7
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EbcamPles are known of the .addii_:lon of ,B_ZMg to C=N and -CEN to give amino
and imino derivatives, but :'L-Przl\ig_--N'ECBut is a stable complex.

In the case of zinc alkyls no amino trimers have yet been prepared.
The co_mj}ound most li_.kely to be trimerie, MeZnNM_ez, is unfortunately unstable
to d;'t-si)roportiona.tion. Other derivatives have been obtained though, and are
dimeric in benzene,e’lu5 An X-ray diffraction study of MeZnI\IPh2 has shown
that it is dimeric in the solid state also, with three-coordinate zimc.lu-6
This ooordination unsa.turation can be _r_elieved by complexing with pyridine,

e.g. ‘Me( py)ZZnNth, yellow.

Ozganometalllc elkoxides and phenoxides of Group IT

By e11m1nat10n of a hydrocarbon, compounds RMOR' may be prepared from

: alcohols and metal dialkyls. The coordination unsaturation of the metal may )
be relieved by association. Tebram_ers sre the most common sp'ecles i.'o_.rmed for
beryllium, zino ‘end cadmium, while generally the magnesium compounds--are polyi
meric or ol:l.gomenc. Lower degrees of a.ssociatlon result when st.erlc inter-:
ference between the organlc groups becomes 51gn1f1cani‘.* Ba,ses are -ca.pa,bl-e of -
-.compet:l.ng in-donor strength with the secord coordinete bond of oxygen and so

form dlmenc coordlnation complexes, but rarely compete with the flrst coordin- .

ate oxygen bond_. .

Alcohols react rapidly with RZBe compounds except for t-BugBe. which
reacts slowly, probe_.bly for steriéc. ressons. RBeOR' compouhds may also be

_ - . : o 147,21,148
prepared by other methods as .illustrated for (MeBeOBlt-)u. 7y2L, 152

- M_ezBe + 1=-BuOH

. . MeyBe
Me,Be + Me,C=0 mi—> (MeBeOBub), ===  (Bu'0)_Be
2 2 -3 L 2

g Me,C=0

Me,Be + Bub0.0Bu ~

Lon

Many RBeOR' compounds are tetramerlc in benzene solution and MeBSiOBeMe is

tetramerlc in the solid state w:Lth a’ cub:l.c arrangement of beryllium and oxygen




25

at'.oms."]‘u'9 When the organic groups ere bulky the degree of associstion becomes
two or three, e.g. (ButBeOBut)z, (MeBeOCPhB)z, and (EtBBOCEtB)S, and may even
crvstallise from ether solvents as monomeric complexes, e.g. MeBeOCPhB.OEt2

and MeBeOCHFh,.THF. The complex PhBeOMe.OEt2 is a2lso monomerie, but MeBeOPh.OEtz
is slightly sssocisted in benzene. Equilibria of the following kind may exist

in the solution.

Ph
M o Tt Me_
1 Be ~Be L BeOPh 4= 4#(MeBeOPh), + Et,0
7‘ \\0/ ., Et 0/ LI' 2
Et,0 Ph Me A
(IX) o S

Seversl compounds heve been found to be dimeric in diethylether and probably
'oxygen-bridged as in (IX).

Methyl beryllium methox3ide forms a bis pyridine adduct, MeBeOMe,2py,
but addition of 1 mole of pyridine per beryllium causes disproportionation.
to Me,Be.2py and insoluble (MeO)zBe. A 12l complex of pyridine with methyl-
beryllium t-butoxide, MeBeOBut.py is slightly associated like MeBeOPh.OEtZ.

Other examvles of disproportionation have been encountered. Both
MeBeOPh and EtBeQPh disproportionate in the sbsence of ether giving insoluble
(PhO)ZBe, and (MeBeOMe), disproportionates on heating above 120°. Addition
of bipyridyl to (MeBeOCHzPh)u gives Mb?Be,bipy.

The p.m.r. spectra of (MeBeOMe)4 and (MaBeOBut)u show some features
which heve not yet been explained. In benzene the Q§30 resonence of the
methoxide is 2 doublet instead of the expected singlet whereas the t-butoxide
does show a singlet for the (QEB)BCO resonance. However, the i-butoxide in
perdeuteromethylcyelohexane shows doublets both for the butoxy and the CEB-Be
resonances, these being temperature end concentration independent.

Aside from the reaction between R,Mg and R'OH; alkyvl magnesium alkoxides

2,1
moy be prepared by the direct synthesis (36) in hydrocarbon solvents.3 »150
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2Bl +  2Mg 4 PloE —s BMgoRr 4 MgCl,, + BuPH
. (36)
In eneral the e,lkylmegnesium alkoxides are more highly associsted then the
beryllium end zinc compounds. Some of them ere insoluble polymers -N-8
EtMgOEt, and others ’ while probe,bly polme‘ric in the- solid stete, are. oligomeric L
in benzene, 8.8 PrngOMe and Et.M,gOP!"“ Tetramers result when there is cha,:j.n |
.branching at the ot-ce,rbon e*t.om of the alkoxy group, e.g. (E’tMgOBJt' )4 end -
(PrngOPri )ll" No dimeric a.lko:d,des haye yet been found end only one t-rimer,
(BaPMgoPrt )y 151 g4nce ether is not essily removed from the RYgOR'. compounds,
the second lone peir of the oxygen must have. similer donor st.rength to )
magnesium as ether. " Some of the elko:ddes are tet.rameric 1n d:.ethyl ether,
such as (L‘tMgOEt),_l_ and (MeMgOB.\t)a, end are presumebly not complexed with it,
but others “Like. (EtMgOCEt } e,re dimerio and crystmise as etherates that
=lose ether readily. Of the compounds studied only methylme.gnesmm t—butoxide .
" wes observed to d:.eproport:.one,te in hydroeerbon solution. - |
A number of crvstelline compounds RZnOR' heve now been obtained from
zine d:.alkyls and a.lcohols. Most of. them are tetremenc :.n benzene, e.g. ;
;(MeZnOMe )u' (Ethopxi) 5 (MeZnOPh)L" nd (MeZ‘nOSiMea)b, bt when there are
1arge etenc reouirements for the organic groups tximers snd dimers mey be |
. formed, je.g. (Batzmom® )3, (Ph2n0CPh, )2 and (EthOCHPh2)3 152 153,15 The |
" mean’ degree of association of- MeZnOBut changes from four. to 1ess tha.n three
es the concentration is redueed from 0°7M to 0¢12M in monomer. X-ray
diffraction studies of MeZnOMe endEtZnoBat heve shown them to be tetrameric.
in the _solid_ stej:e-also and to have a oiibic arrangement of zinc end'oxygen
“atoms, (X).1f55 ’156 The tetremer arises becsuse dimerisation or trimerisetion
wonic.l'ieav'.e:the"q'xe‘-tel thre'e-oooxdinate and the oxygen with a remeining lone |
~ peir: In the tetramer both the metel and the oxygen are four ooordinate.
" Very electronwithdramng groups .cen reduce the donor character of the
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oxygen so thet only dimers are formed, e.g. (Et2n006F5 )? and (EbZnocécls)?_.

Me Me
NZn——0" ' CHy -——CH
/o—/——‘.7nﬁ,‘ P SN
Me \ l{ Py_ \\\ _Me e N /,Sh NMe,,
Méo-f:;7Zn\MB ‘3;n n” ﬁkx \\\an’ '
et I N Tt
Me Me Et Ph
Ph
(x) (XI) (x11)

The tetremers do not form sdducts with pyi'idine or TMED except where
the second lone pasir of oxygen is not such a good donor to three-coordinate -
zinc as these bsses. .Pyridine forms dimeric 1:1 adducts, (MeZnOPh,p_v)?, (x1),

Z
(Et;nocéFs

EthOC6F5,TMED. The dimeric snd trimeric compounds contain three-coordinate zinc.

,py)2 end TMED a 2:1 =dduct, (Et.ZnOPh)Q,'IMED (XII) snd o l:l sdduct

| Pyridine is frm? 4o give sn unstabhle 1:) comnlex with Rat7nomt tut does
not form a complex with TME]).157
Most of the alkylzine malkoxides disproportionste on heating, snd p.m.r.
stiidies suggest that (MeZnOMe)b' disproportionates in solution.? M the
other hend (MeznOPri) , (MeZnOB1"),, and (BlthOBlt)a are quite stable in
solution. The alkoxides (MeZnOMe)L" and (MeZnOBut)u have p.m.r. s‘pectra, in
benzene which show peculiarities in the seme way as the beryllium compounds.
The t-butoxide has two singlets as expected but the methoxide shows dot_xblets
for both methyl groups.

Alkylzine elkoxides cen slso be made by the addition of R,Zn to sldeh-

ydes or ketones. Below is showm the interesting reactions of benzophenone.153
+ Me,Zn ——>» yellow; Me>Zn recovered 100%.
— i i 'a)
PhyC=0 +  BtyZn —  (BtZOCHPhy)3 ~ +  CpH (37)

+  Phyzn -  (PhZnOCPh4),

Those alkylcadmium alkoxides known are snalogous to the corresponding

zinc compounds with the notable exception of (MeOdOBlt’)z. Two trimeric
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mercury compounds, (PhHgOMe) and QPhHgOBun) y end a compound, MéHgOSiMo,
which is monomeric 1n solutlon are the ‘only " mercury derlvatlves so far .v..r— 7
prepared. 159,153 This lest compound which contrasts with the tetremeric zinc

and cadmium compounds is found to-be tetrameric in the crystalline state.160’161

Organometsllic sulphides of Group II

The RMSR' compounds with M = Be,Mg,Zn, and 03, show substantisl cheanges
from the alkoxides. Formation of tetramers for beryllium and magnesium cecms
to be soﬁewhat more difficult beceuse of a.) the lower donor strength of the
second sulphur:lone pair, b.) the greater tendancy to form coordination,poly;
mers especially with'stfaight coéih-sulphides and c¢.) the greater tendancy |
to form disproportionation broducfs.- The formation of uncomplexed alkylberyl-
kium sulphlde dimers and trimers is restrlcted to a single example of a dimer
(MeBeSPh)z. RZnSR' and RCASR' compounds with chain branching at the .ot-carbon
of the R' group disproportionate only on hesting but do show peculiar degrees

of association. '

The methylberylllum- and 1-propy1bery111um sulphideq with the exception .
of (MeBeSBl )4 dlsproportlonate. Fbr some reason the ethylberyllium sulphides
. form stablc tetramers which presumably have a cubie Bewsu structure. Complex-
.ation With bases cen stop dispioporﬁionation and a.numoer'of monomeric RBeSR'.2D,

4 e e M 3,162

- Lo - PB P TDoWQ wed o \-\aoon Thasan mwAaArn we,
aulill Ll ].lU J.L. \ o‘. .U]2 COoni L unads 0 Ve uUTull pilvpal

Only tetramerlc (}Elth'lgSEnt)’+ is known as an uncomplexed alkylmagnesium
sulphlde. ‘Some dimeric coordination complexes such as (MeMgSBu THF)2 and
(Bu MgSPr .0Et2)2 have been described. Removal of ether from a solution of

MeMgSBut does not give (MﬁeMgSBut

.OEtz)2 but causes disproportionation to
insoluble MezMg and Mg(SBut)z. Here apparently ether cannot compete with
bridging methyl in donor strength to magnesium nor can it compcte-in donor

strength with the sulphur attached to magnesium. On the other and THF



| competes successmlly for 8 coordination position about magnesium and 'Drevents
disproportionation.' Ether can compete for coordina,tion positions with ethyl
or. t-butyl bridging groups 'which are much poorer than methyl and eo
(Bl SPr .OEtz )2 does not disproportionata. : By the seme reasoning
(t-BlMgSBu - OE, )2 ought to be st.a,ble but, inexplicably, both in ether and in
the presence of THF disproportiona,tion does take pltace.l)"'3 '
' Polymerio products (RMSR' ) are obteined from the reactions of. RZZn or -
R,Gd wlth -MeSH, n-BuSH, or PhSH. The coordinstion polymers MeZnSMe and
'MeBeSMe are. probably similer to that of crystelline Me,AlSMe with the- possib:.l-
ity of cross-linking between cheins through the second sulphur lone psir’ end
the three-coordinate netal . atom.léu Branching -e.t the -ccuca,rbon of the R* .
group gives the following oompounds .in benzene solution' (MeZnSPr )6’

(MeZnSB.l )5, (MeOdSPrl)6, (MefleBu ) 8,18 The structures of MeZnSBu (pen-'

mined by X-ray diffra.ction method .165’166 SRR - -

tamenc) and MemSPr (ootameric) in ‘the crystelline stste ha.ve been deter-

-..Orgsnometallic hﬂndes of Groug I
The chemistry of these compounds, RMH, is not as well developed as, that.

of the - Group III organometallic h,ydrides, but certain general features he,ve
begun to a.ppear. Compounds RBeH are probsbly stable although only one member.'-:-i :
'of the series has been prepa.red 80 fa.r. The Bel{zBe electron dei‘icient bridge-- e
is en important fea.ture of the chemistry of the coordination complexes of. ..
RBe_H compounds and is likely to ‘be en important festure of t-he-- uncoord:mat-ed.
compounds. Terminal Be~H bonds have been found for a few compounds elthough
not for certoin in RBeH compounds. It does riot gseem possible to prebsre
RMgH compounds, principally because the high 1attice energy of the essentially
ionic .Mgﬂz ceuses disproportionation to occur. Although RZnH compounds have )
not yet been 1solated, the greater electmnegativity of zinc compa,red with
me,gnesium would: indicate that they might be stable to disproportionation.

g

‘.'/ o
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However, in the seme way that EtZGaH is less stable then Et?Alﬂ, RZnH compounds

may decompose to metsl and slkane.

At present little is known sbout donor-free alkyl- or sryl-beryllium
hydrides. Iso-butylberyllium hydride,.prepered by cereful pyrolysis of
i-BuyBe, is oligomeric in benzene solution. Pyrolysis of t-BuzBe does not
give t-BuBeH but 2 mixture of it with i-BuBeH.167 A similar attempted pre-
paretion of i-PrBeH from 1-Pr,Be gave a glessy, presumably polymeric, materiel
which was not further investigated.%uu Alkylberyllium hydrides prepared in
donor solvents slways retein some coordinated solvent even after prolonged
pumping.la’8

Complexes of RBeH with donor molecules have been prepared by seversl

routes.167’168 These methods are the two most important:
Et,0

5.) RBeCL + NeEt,BH 25 NeQl + Bt,B + RBeH,OEt, (38)
The soldium chloride is removed by filtretion, the triethyl borome by pumping

o . - 169
at 60%, leaving RBeH,(EtZOZx. Addition of NMe3 gives RBeH,NMeB.

Et_ O
b.) LiH + RBeBr —2-  LiBr + RBeH (39)

Evaporation of ether at reduced pressure and addition of benzene precip-
itates the LiBr and leaves R.BeH.(EtZO)x in benzene solution. This works well
for MeBeH and EtBeH only.

Several complexes RBeH,D with monodentate ligends such as NMe3 are now

known. They are dimeric in solution and are believed to contein hydrogen

bridges.
CH, —— CH
e i
R\\ H D R JH /R MezN\\ .K // e2
Be: :IB_e\/ \/Be:: :'.Be\ /Bej' ‘:Be\
p” HT g p” E M Bt 0 mal
( XTII) (XIV) (Xv)

The hydrogen bridge is evidently stronger then the methyl bridges of Me,Be or




the BH,B bridge of boz-ane“:‘sinéi;""é;'ééféés: NMeamll not bresk the. bridge to give
RBeH,(NMeB) In the p.m.r. spectm of these compounds the absorption due to
the BeHzBe protons is only rardy observed. ﬁxe spl:l.tting of the NMe3 resonance
of (MeBeH.NMeB )2 has been sttributed to the presence of cis end trans isomers
(xmm), ()70
The .chelating ligand TMED when added  to solutions of RBeH where R =

Me,Et or Fh, does not give monomeric complexes RBeH,TMED, bnt'gives an insol-
uble materisl (RBeH),TMED. These compounds are belisved to be eoordinat@pn .
~ polymers with TMEﬁ-linkbd dimer units: _:o'f (_RBeH)Z. However, w:lth i-BaBeH,
addition of TMED gives mononeric (i-BlBsH)z’IMED which is th’ough to -ha,ve”'struc-
ture (xv). Models show that the 'J.MED is cape.ble of bmdging, particularly if
it 1s twisted out. of plana.rity. : . _ _

. A number o:£' complex hydrldes, MRZBeH, ha,ve been deScribed where M = N
Li,Ne end R = Me,Bt, 171,172 Pri Bl 28 Sometmes they ere isolnted ds. ether- L

ates, The crystal struoture of Na.Et BeH.OEt2 has been determined and"'ha,s
1.73 KN

shown the 'presence of EtzBeHZBeEtZ units.
- Barly qualita.tive investiga.tlons of the addition reactions of both

+ complexed end ‘m°°m919xed alkylberyllimn hydrides with olefins ha.ve been he e S

-'repoz-ted.17)"'.’.:L s

Aqrecent kinetic study of the res.cta.on between l-decene _
and’ (MeBeH.NMe ) has shown ‘the rea.ctlon to proceed through a monomer-dimer
&q hi brium followed by rate determining eddition of the-monomer ta the -
. l-decene.

a1 attempts to prepare RMgH compounds by methods analogous to the pre- -
paration of RBeH compounds have resnlted in no reaction or in the precipita-
tion of Mgh,. No slkeli metal diethylmsgnesium hydride complexes were pro-
duced by the reaction of Bt Mg with LiH,NeH of KH in ether solvents. - Pynoiiisis- :
of iR MezMg.OEt prepared from Bu"Li and Me,Mg, gives a mixture of L'lH a.nd .
-_MeZMg. 176 : L
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Organozine hydride compounds have not yet been made but it may be pos-

sible to make them. Zinc-hydride terminal bonds have been found in

( HZnNMeC, N, )2.3‘77'178 ZnH. OEtz

have also been prepared.

Anionic hydride complexes such as LiPh
179,180 |

2
It seems that RHgH if ever formed is very

unstable towards decomposition to R,Hg, RH, Hé, and. Hg.

" Reactions of Orgenolithium compounds with alkynes.

It has been known for some time that organolithium reagents can metalate
the terminal hydrogen of l-alkynes but recent studies stimulated by developments
in the stereoregular polymerisation of slkenes, have demonstrated'that the

reection can give rise to a large number of products.

Depending on the resgents end.thenconditions, metalation, isomerisation,
oddition and reductive dimerisatlen have all been observed as in the case of
the aluminum alkyls and'arvls;.

For terminal acetylenes metal-hydrogen exchange oceurs readlly in

‘dlethyl ether or hydrocarbon solvents at about -?8° to form alkynyl-llthlum

compounds (40). However, recently a number of examples have been founo

where an increased quantlty of RLl and 1ncreased temperatures results in

_further metslation to glve polyllthlated spe01es (41-43)

R'CZCH +  RIi: =i R'c-cm- + .'-j"fRH (40)
CHyCSCH + p-Bali ——p  CLigCSCLi + UB0PH (41) 181
_ eXCcess
_ 182 -
CZHSC.‘.—'CH + n-Buli —> - CHjCHLiCc=CLi + 2B"H (42)
exXcess
CHCzCH + t-Bali ——> CHyCLL,CSCLL + 3BPH  (43) 183

Of the non-terminal alkynes-MeCECMe does not appear to react with

alkyl-lithium reagents, but PhC=ClMe undergoes isomerisation (1:1. ratlo) or

184
metalation (1:6 rat1o)
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PhC=Me  +  n-Buli: ——y ? —?—q CgHi CH, C=CH (ba) .

PaGeQfe  + 6n-Bili ——p CGHCILiy +  CRLIC,  (45)
R “small quantity

3y

y ?ﬂ&%é?ﬁ has been found to react by addition and even then metalation
often occurs at the same time. Ether solvents éppear to allow addition to -
take place more readily than hydrocarbons and the order of reactivity

appears to be PhLi,mutli BuPIi Meli, as illustrated by reactions (46-50)

185,186,187
n=Buli + PhCzCPh hyg;gggﬁan. no reaction (46)
Loo '
. | n :
Jo-Bali +  PhCzCPh gthery ™ oec ;}f (47)
o
- HC on Bt pn
PR o bt Ph Ba® . Ph
t-Buld 4 PhC=CPh' = Ble=c.. + _c=Cc..  (48)
0% Li Ph- I3 :
Meli  + . PhC=CPh f§£¥229 no reaction _ (49) . -
50° o A :
: P4  + PhCSCPh  i—s—p  (Ph),C<CPhLi o (50)

It is. not known whether _t}_he_-ﬁn_.i addition obseﬁgd__reﬂécts the ;st.érep-_
chemistry of the resction or whether the ci_s compound initisily formed -has
isomerised. In those cases where metélation and addition have been obéerQed
the eviéence.supporis the conclusion that addition preceded metalatién.

Both reactions (47) and (48) procede.fapidly in the presence of "[‘MED.i88
(Recent evidence from ﬁ.m.r. and molecular weight studies indicate that
n-BuLi,TMED is not an accurate representation of fhe reacting speciés in
this solution since the smallest aggregéte of n-BuLi fﬁund in the solution
is the tetramer).

When t-Buli and PhC=CPh react in hydrocarbon solution at 90° instead of

LG®, the reaction takes a différégﬁ*pd@ise. Among the products isolated are




are those below,

Ph_ Ph Ii_ " -Fh . mE P B® 14
Se=c i3 Ses¢t 3 descl SC=C
Li c=C Ph7 Li Ph’ ML Fh”  “ph

Ph”  Ph _

The 1,3-butadiene derivgtive-is believed to arise vie an electron transfer
process from t-Buli to PhCECPh; (51), rather-than insertion of PhCECPh into

an alkenyl-lithium bond186.

Ph Ph

t-Bali  + PhC=CPh -—y Ph{=CPh ——y  >C=C{ I
i S - i
Fh Fh (51)
t-Buli
Ph-C=C-Ph _ "
) L_/l 1\.1 —-=3  Ph(Li)C=CPh(Ph)C=C(Li)Ph

Reactions of Organomagnesium compounds with alkynes.

Neither Grignard reagents nor diorganOmagnesium compounds have been'

. found to add to alkynes in ethereal solvénts but they metelate terminal

alkynes fairly repidly and in special cases cause the trimerisationiand

tetramerisation of internal alkynes.

Meny kinetic studies«haVe~been¥carried-out~on the systems . (52) and -

(53) and yet the mechanism of the reaction is still not undersfdod.

RMgX + R'CSCH -——-—»  R'C=CMgX + RH - (52)

R, Mg + . 2R'CZCH ——p - (R'CSC)Mg + 2RH (53)

It is generally agreéd that in ether solution-(52) is a second order

189,190

reaction, first order in each reactant (R=Et, R'=Et 3 R=Ph, R'=Ph; -

R=Benzyl, R'=Ph 191

)« At the concentrations most frequently used (1 moler)
EtMgBr is espproximately dimeric.and PhMgBr approximately trimeri¢. So the

reaction probably involves cleavage of these umits by the alkyne. A large
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denteriym Asotope effect, o'n._' substifuting RO=CH by RE=CD implies consid-
erable.-"iCQH -'bond breaking in the transitlion state end so ai foitr'-.-ce'ntre type
transition sta,te is not unreasonable.

The effect on the rate and order of reaction (52) of changing; solvent
from d:iethyl ether to tetrahydro—furan is interesting. For the system’ -R=Eh,
R"‘Et, the rate hardly changes but the order changes to three (fl!‘sfi in elkyne,

secon in Gri a,rd),190 »192

but for the systems, R=Ph,R'=Ph and R=Benzyl,
R'=Ph, there is a grea,t-in'crea,se in ra,te- (3 x 10" ) but no 'cha.nge in c:)rder.l'91
The deuterium isotope effect does not appear to be quite as important in THF :
as in Et,0. o o o |
Rea.ction ( 53) is. bound to be more complicated 8 cdnse"cu'-'tive compet-
itive, second order reacti.on is proposed for the oase R"Et, R"‘Et in ether.
me of the most remarkeble reactions {J.n_ main group orgenometallic
chemlstry occurs between Ph?Mg, PhMgBr or, BenzylMgC.l and PhC'CPh
Trimer:lsation of the alkyne to hexaphenylbenz.ene ghd tetremerisation to
. octa.phenylcyclo-octatetraene are observed. }ﬁth MeC=CPh and MeG.EQMe
trimensat:ton is seen but no tetramerisetion. No react:.ons have been observed .

wlth eny other organc)ma.gnes:mm compoundsi_??.f .

Reactions— of - Alumim— rggen bonds mth alkmes _

‘lh:l.s reaction hes been stud:.ed in some detail but a,s much from the :
po.mc of view of orgenlc syntnes:.s as Lhe suuuy of Ellumlu.l.i.uu L,Uutulniug ;;;..-;:::?..',;_
pec:l.es.]_.gu-198 Hydroa.lumina,tion has been shown to depend upon the solvent
the temperature, the rea.ctlon time, the acidic properties of the alkyne, and
the nature of the Al-H conta:ming species.' Cis-eddition of the Al-H bond to
the alkyne, trans-edditlon, bi-addition and metellation ha.ve 911: been observ‘e.gi."._.
By controlling the conditlons a pathway involving exclusively one of these
1199 '

reat:.ons may be pronded.

“for! teminal alkynes in 2 hydrocarbon solvent with RZ,A'.LH, edd:.tion takes . . .
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place at about 50° stefedépééifically dis-(55); ih'high yield except for the

more acidic l-alkynes like phenylacetylene when metalation (57) is a competing
9L, 98,95,102 :

reaction.
A R
—_ \c—c trans addition - (54)
¥ “H :
Al -H 4  HCSCR
_ Al H
_—_— :p=C\ cis addition (55)
© H R .
M -H + HCECR —> (Al),-CH-CH,R bi-sddition (56)

P HC=CR : ALCECR  + H, metelation - (57)

It appeers that addition of Al-H to l-alkynes, including PhC=CH, always pro-
943955198

ceeds to put the aluminiim on the terminal carbon. ‘Ether solvents-

coﬁsiderably inhibit the mono-addition of R2AlH ana‘éuﬁpieés the.me&allgtioh
reaction, but proﬁote:the biéédditién‘(56),u55€t£atfin TﬂF;thiéfis'elmostﬂ
qﬁantitative;zoo The metallation réaciion (57).caﬁ'be madefpraéfically
'quantltatlve by using the complex R2A1H.NR§ or by u51ng NEt as, the. reactlon fm

3
103 If hydride and l-alkyne are used in a 2'1 ratlo at. about 90 then

201
bi-addition is again the principel reaction path.

—solvgnt.

Hydrides- of the type MAlHﬁ and MALR, _ an have been: employed to- prepare

N ,202,20
alkynyl derivatives by metallation .104,93 3

~ No addition is observed.for
the MAth compounds in-hydroparbons, ethers or pyridine. |

Amines are reported to catalyse the metallation, while the pfesence of
R2A1H or R3A1 #ppgrently catalyses the addition reaction at ﬁhe_expeﬁsg of
metellation. The reaction of MALR,  H takes place easily and in high yield

in hydrocarbons but is accompenied by considerable addition in ether solvents.

Hydroaiumingtion of internal'alkynes in hydrocarbon solvents or in the
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sbsence of solvent is also stereospecifically cls'but is more difficult than

L b, 9 . : :
for 1-_iaJ.kynes.9 95 Using unsymmeétrical alkynes, there is also the possibility
of tﬁo 'orivenfc.ati.ons.loo
) .R! R Rl Rll
R,A1H + R'CECR" ~—> C=C + e=¢’ ; .
2 _ y X ) AN C€ls addition
R2Al H . H - AIRZ - . (58)
(XVI) - (XVII)

The ratio of (XVI) to (XVII) formed in some reactions with i- -Bu, ALH ares

R'=Ph, R"=Me ' - 82 - 18
R'=Ph_, R"=cPh3 56 - .. 44
R'=Ph;. R!';cMe'B - 100 0
R*=Ph, R'!;k'- 0 100

For the 1'1 reaction (58). minor products e¥ise from the cls—eddltlon of
the vinyl- Al bond to another molecule of alkyne g1v1ng substltuted 1,3-
butadieries, and for the 1: 2 react:.on they are the magor products. Only Isbmér
(XIX) has been observed from the 1°1 reactlons (R'=Ph R"=Me; R'—Ph R“—CMe ) and

only isomers. (XVIII) and (XIX) from the. l 2. reactlon (R"Ph R"=Me) in a ratlo

Rt “,Riﬂ K 2 ’ R‘ --R”
R u/C"C H | C=CC .y -
2 _ C—C:Ru ’ » R2A v Ruc—c R*
(XVIII) (xTX)

From the r.esult.s‘ it is seen that the ability to undergo inéértion by aikyﬂe _
is vAl-H.>,A1-C=C'>A1-C-‘C> A1-C=C, the last being deduced from the fact that
insertion into these bonds has never been observed.i_ §

If the proportion of alkyne is :mcreased further then haxe~substituted
benzenes. are produced..9 - ' .

The cis-vinyl producﬁé (XVI, XVIII) have been shown to undergo slow




" themsl, i—é&m‘ezﬁsa;tion to the trene-vinyi ‘systems, and 1t has been- éug'g'eé't‘ad
that. thie occurs via a gem:lnel di-addition intemediate. Stereosnecifio trane-
addi‘hion has been achieved by using other reagents such a8’ LA.AIHH_ end Id.BliMeAlH

- in donor solvents (THF, monoglyne )197’20" and by using R;ALH with other. alkynes
in hydrocarbon solvents ( 59) 205’206
Ph‘ /AlBu‘iZ . o o
PthCMR + Bul Al ==y = C=CT 95% trans addition” .oy
i : 2 H‘ \_MRB k (59)

s -+ Beb LN MRai 95 §.c1s adgstion

MRy SiNe3. GeMe3, GeBty. " s .' -

| mz'prisingly, use of the . tert.iary amine oomplex of RZAIH completely reverses |

.'the stereochemistry giving t.he cis derivat:wee, (60) In bot.h these ce.ses - :
( 59), (60), it vas shown that the’ a,lmninium atom was attached SOIely to’ t.he
same earbon atom as - the silicon or gema,hium grotips. This contraste with
case above where MRB—CMeB, in which the aluminium was a,ttached_ only to the )
s5eme’ ca.rbon as-the phenyl group.- I‘h.nally in th:\.s section, ib i.s reported thet
bi-a,ddition to 1nternel ecetylenes occurs m good yield in reﬂu:d.ng toluene

.. mth hﬂa’* Ol" ¢ I"; “':.'""-"' _'t‘ Ny '-.= -Jr i E

Reections of Alumintum-cerbon bonds with alljmes! T
| CJ.s-edd:.tion of the Al-C bond of RB,AI to alkynes has been observed :m |
8 number of cases’ ‘when the reection has “been cerried’ out in a hydrocerbon sol-,_ '

vent or i.n the absence of solvent. Compa.re.ble ‘reactions in. donor solvents and

rea._ctlons involving MAlRu species ha.ve briefly been mer;tio,ned. Meﬁala,tion 1s L
& competing reaction of varieble importancé depending on the reactants em:l\:.t__he'-_'._' o
conditions." | o e

TOWWS .a_.cetylen__e ite,elf, i-.'BlaAl adds_.,moi-e ,reaaj__.ly (zoo) the.n.. Et3 Al (;_,0_5)0)’




- ﬁ |

whlle MbjAl reacts only by . metalatlon. 'This reflects the. fact ﬁhat’mohemeric

I
alum;nlum species are 1nvolved in the addltlon, (61) 9,95
. cno- . :H, H. 6
R4Al + HoCECmH * ey ,.c=ci : o (61)
SR a,

The addition to l-alkynes tekes place at 14-0-70o giving vinyl aluminium
compounds as the major products. However, metalation is a competing feaction

which becomes more importent with increasing temperature and increasing acidity

) 8
of the l-alkyne (62.).97’9

Ryl + HCSCR'  ——>  RACSCR' + (62)
At 110° for 1-2 hours; the yields of métaleﬁed products with phenylacetylene

in toluene solution were 60, 45, 40, and.204 for MeBAi, EtyAl, n-Pr Al, and

3

3
benzene, 7 5&800) was 86%. For Me Al metalatlon is the predomlnant course of

3
. 97.99 103
reaction, and for the complexes R_Al. I\JR3 it is. essentlally quantltatnve.

3
1- Hexyne and phenylacetylene are reported to combpne with" Et3A1 in dlfferent

i-m31x1‘.96 The yield of Ph,AlCSCPh by metalation of PhCCH with Ph.al (1 'hou_'r,'

oﬂmwumh(ﬂ)mdWHLMMe&EwﬂHh%B

Al glves a m;xture_of both

cis addition products.:

H Et "H° - Ph | L

N’ A /.
)C_C\ jC=C\ .
EtzAl Et Et AlEtz_
(Xx) - (XXT)

Furthermore, it has been shown for fhe.phenyldméxglene reactions that the
vinyl-aluminium eonds formed are capable of metelating more PhC=CH, ae in (63).
EtHC=C(Ph)AlEt, + HC=CPh ---- EtHCSCHPh + Bt AlCZCPh - (63)
Evolution of i-butene accompariies the reaction of i-BiyAl and PhC=CH and the
product is mainly that formed by addition of i-Bu,AlH. | ‘
In the.;eactions of salts MALR, with phenylacetylene much highef temperaJ

tures are required than_for'reactionsiwith MALR, . H . One alkyl group (REMe,Et)




is displaced at 140-150°, two. .;t i60-i'80°, and three at 180-200°. No addition
of Al-R to the tnple bond is not1ced.1(_)5

As for hydroaluminatlon, disubstituted acetylenes are less rea,cta.ve
towards Al-C addltlon than monosubstltuted a.cetylenes. But above 100° reaction

occurs fairly rapldly, Ph3

and Me,CC=CPh, and Et;Al giving a cis-addition product with PhC=CPh. (64)

A1 glving cis-addltion products with PhC=CPh, MeC=CFh,

Strangeljr-, for Ft,Al and EtC=CEt only a 1,3<butadiene comvound could be 'd.e_t'e

4,207
detected (65).9 ?
¥ PhCSCPh  <msey - C=( (64)
_— Et” AlEt,
EtAl |
+ . EtCECEt™ --—3 Et,C=C(Et)-(Et)C=C(Et)ALEt,

(65)

Heating the addition product .;PhéAlC'(Ph)=CEh2' _ elirhi.nates' benzeh"e.-a.nd.- allows the

isolation of an aluminium heterocycle.

" Unsymmetrical elkynes can give tio. _c_:g.iaddltlon products,

R R
. RzAl_l ‘Rt | .- | R’ \A]_RZ-
(oar) ()
The retic (XXITI) to (XXIII) in reactidns im_r_lv:'u.\.g_ PbB'_Al shows'interest_ing
changes.
(XX1I) ( XXIII)

R'= Ph,R"= Me 98 2

R'= Ph,R"= CMeB 5 295

R'= Ph,R"= CPh, . ' no reaction at 11e° . - " v
R'= Ph,R"=H 37 : 63.

In & kinetic study of the reaction PhCzCPh/ PhéAl in hydrocarbon solvents

the reaction order was found to be three halves, first: onder in acetylene and
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half order in dimer. This corresponds to » resction involving a monomer-dimer

208
equilibrium followed by rate-determining addition to the scetylene.(66)

Ether solvents strongly retsrd the raté presimsbly because comblex formation
mokes it more difficult for the slkyne to sttain » coordination position about
the metal.

Phghl, <= 2Ph,Al
(66)
Ph3A1 + PhCaCPh  ———) thAl( Ph)c=CPh2

It has been proposed that the .second. stage proceeds, first vis an inter-
mediate 7¥-complex, then vies a four-centre trensition state, the direction of
eddition being determined orimsrily by steric differences hetween R end R'.Zo6
Electronic effects have been demonstrated for the Ph3A1 resction with ArC=Car*,

but are considered less important.

" ]
"‘C:C”R' R C === C R
Y o
Ph -~-Al
SN -
Pn | "Ph N
Ph Ph
In view of the fact that the addition reactions of Et3A1 and i-Blelﬂ to
alkenes and Ph3A1 to alkynes all show similar kineties, it is to be ekpected
2
that the addition of RZAIH to acetylenss will be analogous.loo' 09 However,

for the hydride additions steric effects do not completely explain the results
with PhCzCMe and PhCECCPhB, and so electronic effects must be invoked. It is
hard to predict the direction of addition that will be preferred by electronic

. effects, since the polarization of the WW-electrons is not known.

Hydroboretion of alkynes.

210,211,
This subject has been described in 2 book eand in several recent articles. 212’

Insertion of alkynes inbto B-H bonds tekes place easily in ether solvents ot
about 0°. Good yields of vinyl boranes mey be obtained from diborane and

intemal alkynes in a 1:3 ratio BHB:RCECR (67), but the predominant reection
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for termminal alkynes :mvolves dlhyd roboration, (68)

R-CSC-R  +  H-B. —-—-> (RCH—CR)B (67)
R-C=C-H + H-B . —=—%  (RCH=CH)B -E d.ihydrobo-z'zé;ion
: )

However, use of bis-(3é;n'etl.1;y.1'-;2;bult'y-1 )-borane; disismylborane, which has large
steric requirements, allows the quantitative monoaddition process to proceed
for both internel and terminal alkynes,.(69). |
R.ic'sc_-E + (MeZCHCfMe')’zBH — (RCH‘CE)B( CHMeCPMeZ) (69)
' - E = R;H
Monohydroba‘,eration of teminal alkynes is also achieved using t—B.lBHzNMeB as
the source of hydride but with lower yields, _(70).213

| t
2R-C=C-H  + MeBN.BHzBut' —>  (RCH=CH), BB £ Ny  (70)

' The addition of two B-H bonds to alk&nes hes been looked at in some
detail. It has been found that: d1hydroborat10n cannot be taken to completlon :

using diborane. Some of - the C—C bonds are believed to become buried in &

_ cross-llnked polymer so that they are sh1e1ded from the hydride. By mak:m_g
‘ use of the much larger hydrldes (2,3-dimethvl-2-buty1 )BHg or (cvclo-Céﬁll)zBH,
the uptake of B-H bonds per alkyne a.pproache_s two.zm' 212 .
There has been some dispute over the relative quenti;.tiesl of the 1,1~
" diboro deriva'ei;res- fo_nneddur'ing dihy;irebof;ﬁ'on of l-hex_yr'xe. _ _Now-:i_t has
been ehown conclusively by deuteration end oxidation studies that isomer GxIv)

is by far the most important, accounting for at least 85% of the resction with

diborane and 90-96%.of the reaction using 2,3-dimethyl-2-butylborsne or d’i_!.cyél-._

211,212
ohexylborane.
1.1 addition H B (7).
RC=CH + 2 B-H ——————p R-C=-C-H (XXIV)
H B
RC=CH + 2 B-H — R-C=~-C~-H (XxXv)
- B B
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The proportion of the l,2-diboro compound is reported to be greater thén that
of the 1l,1-diboro compound for other alkynes including acetylene itself}215
Unlike the addition reactions exhibited by triaikyl- shd triaryl-sluminium
derivatives towards acetylenes, the reection of trialkylborenes results in
displacement of alkene in an irreversible step.
3RCZCR  + i-BuB  —> B(CR=CHR),  +  3H,C=CMe, (73)
This resction proceeds well for disubstituted acet&lenes but giveé polymeric
productS'with monosubetituted ones.2
Mechanistically, the eddition of B-H bonds to olefins and acetylenes is
still being investigated. At the present time the evidence is thet R.) it
involves gig;addition,_b.):it involves one molecule of olefin or acetylens
and.ohe'hoiecule of hydride dimerjle and ce) the orientation of addition ie.
predominantly determined by steric effeots’rether than eleetronic“effectsg
the boron being directed to the 1east-;ubstituted_carbon atbm. It is not yet -
known - if the reactlon proceeds v1a an intermedlate 7t-complex but it is belngi |
%j debated whether the transition state resembles such a complex (XXVI) or. whether.
it resembles more closely the four-centre condltlon (XXVIII) (Fbr.cohvenlenoe -

the transition states are shown with- hydrnde monomer rather thaﬂ.dimer.) _'

7 -
(XXVI) - (XXVIII)

Although trialkylboranes do not add to acetylenes, addltlon of the phenyl-

221,222
boron bonds of the halides, PhBXé and Ph BX, has been found to occur,
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Experimental

Apparatus and technigues.

Because most of the compounds studied in this work were sensitive both
to oxygen and to -moisture,:; many"-l.oi_"_-the_ tehn:_l_qu_e's__ and mos_t___of the apparatus
employ'ed- were those which enabled -work to be carried out in an atrosphere of
oxygen- and moisture-free nitrogen or argon.

The compounds were not volatile enough to be handled on a vacuum line and
were nearly always prepared and purified in a double~limbed. Schlenk tube. The
weighing and transfering of air sens_itive meterials _was:-sometimes carried out
on the bench and sometimes.in a.n inert gas-filled.glove bax, fitted with a

reci-rcula_.tion' sys-t'em'for purification of the inert gas by removel of oxygen

‘and water. Three methods - of purification have be'en' useds

-a.) Copper needles at 350° were used to remove oxygen and liquid nitrogen

: _was used to. remove mois'ture. Oxidised copper was regenerated by passing
hydrogen through it at 120 and then blowing out the water produced w:.th &
_stream of nitrogen. ' ' ' ' '
-.b.) Manganous oxide at 25° supported on vemiculite was used to remove oxygen
and molecular sieves (ll»A and 13X) to remove - water. Regeneration of_ the mangan_-' '

" ous oxide was achieved by passing hydrogen through at 350°, Water wes removed

from the molecular sieves by pumping at 200°,

c.) An autometic system was employed (Vacuum A'anospheres Corporation) which

_ used heated copper to remove oxygen and molecular sieves to remove moisture.

A 95% 5% mixture of- argon'hydrogen was clirculated thrqugh the box end the pur-
ification. syst_em. ‘In this way- oxidised copper was regenerated during normal
'us'e_.' 'An'-atmosph'ere_containing less than 1 p.p.m. oxygen or water was easily
maintained.s

In aljl'the three cases connections were made wherever possihl_e using- copper

tubing and the gloves were made of butyl rubber to minimise permeability to




s
to oxygen and water,

Va.cuum line techniques were employed for the separation, purii‘ica.tion and
measurement of geses. The vacuum line was divided into two parts: a.). A :
fractionation train conoisting of U-traps cOnnected by -mercury float valves,
used for the eepa.ration and, purif‘ice.tion of gases, and a Topler pump used for
the measurement of gases., This section of the va.cuum 1ine was pa.rticularly
important for “the ‘analysis: of ge.ses produced by the hydrolysis of orgenometal- '
lic compounds. be ) A number of ‘storage bulbs for ge.ses a.nd vola.tile liquids

| eacli ‘.-connecte’d to the mein 1line by & mercury float valve, and a stenderd tulb.
for measurement of larger que.ntities of ges. -At the top'of the 'fople-r pump
was & cennection whereby a combustion bulb or &an infra.red gas cell could be ‘

attached.

alxses 'aé-f — _ _ _
eompounds which evolved gas on hydrolySis were enalysed by adding 2- _ .
mlethoxyethanol to a weighed sample contained in a rleek e.ttached to the ve.cuum '
: line end’ frozen at -196 i The mixture was. allowed to wanm up elowly and hydrol-

ysis was completed by the addition of water followed by ZN sulphuric acid.

The 2-methoxyethanol, ua.ter, a.nd 2N sulphuric acid were degasSed prior to use.;_": .

- After fractionation ahd measurem"“t“the gases ‘Were identified by the:l.r i.r. _,.'l'v."-':
epe_ctr_a. All ges volumes were corrected to N ‘I‘.P.
b, ) Begzllium Analxses .-

The solution from hydrolysis was mede up to 8 standard volume e.nd then
aliquots containing 3=5 mge of beryllium were trea.ted &s follows. To each
a_iquot wes added 5 ml. of Os5M pote.ssium sodium tartrate, 4 drops of alh
solution of bromothymol blue in 503 50 weter°ethanol, and sufficient lM sodium
_hydroxide ‘to give & blue colour to the solution. ‘ Each solution was then made
green by the_ eddition of 0°1N- -_su;l.'_phuric acid. This wa-_s'--the ‘end point. for this

indicator. Addition of 5 r"nl.‘.-__:o__f "ll@-'xi;'.s'olution c'e.u's_e'd'the solution to become
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blue. Fin.ally the blue solut.ion was titra.ted accura,tely with 0'1‘\‘1 s,ulphuric
acid until the seme . green colour as had been obtained earlier, retumed and
pers:.sted. The essenco of- the method is the formation of a tertrete complex
“ of beryllimn hydroxide which is destroyed by the addition of ﬂuoride ione '
libereting hydroxide ions in proportion to the beryllium in the- solution. T_he
tartrate is necessary to keep the Be(OH)> in solution. _
~ complexed Be(OH) o+ BFT ey B‘ép‘ﬁ" A 2‘(‘)&‘"

‘Because the reaction is not etoichiometric, standand beryllium solutions muet
be used to make a calibration graph plotting milligrema of beryllium versus o
ml,. O‘lN eulphuric acid. From the volume of 0°1N stq\c requ:l.red for the final |
titration, eny’ \iﬂmown duantity of beryllium can then be found. -

~ The presenoe of emines or of large cohcentratidns of ions was found to
_ caumse drifting of” the end-point. The quentity of acid used in. the hydrolysis

wes kept to a min:tmum and where possible amines were removed berfore beryllimn

analysis by pumping the elkaline solution.

Solution of lithium alkyls in hydrocerbon solvents were analysed by the
" method of We.tson and Easthexu2 9whereby the concentration of hydrolysable alkyl
groups ‘wes measured, and by syringingva known volume into distilled water end.

titrating the hydroxide produced -against standard acid, whereby the concentra-».

(3_1

tion of 1ith1um was measured. Any d:.nerence uet'"ex “the twe "mlu‘"s '..'e E
measure of the alkoxide content in the solution. ‘The method of Watson a.nd
Eestham involves ‘titrating the lithium ‘alkyl with a staridard (epprox. l!ﬂ

solution of’ sec-butanol in xylene using 1,10-phenanthroline e.s the indioator. ’

Lithium analyses. -

Lithium solut:l.one were anelysed using en "Eel! fleme phototmter, oalibrated
over a concentration range in which the calibration:curve was appro:d.mately
linear, i.e. 0 0001 - 0-001 moles 11 per: 1itre. -
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e.)_ Amine ens]jy: _:j L

Volatile amines were estimated by taking en s;l.iquot of the acid golution
from hydrolysis, adding excsss sodium hydroxide and then gteem distilling the
amine into an excess of standard acid. The excess acld was titrated with
stendard alkali.. Fo:c TMED both nitrogens rsmain protonatsd if screened methyl

orange 1is used es- the indlicator.

nalysis for hen'lacet 'lene.

| Phenylacetylene produced by hydrolysis wes. extracted with .heifane. The
hexene  solution was mede up to 100 ml. end then 1 ml. of this solution was
: diluted ca, 125 times. The UV spectrum of this solutiOn was recorded .and the
absorbance at 240 mp measured. The. value obtained ellowed ‘the conoentration
of phenylacetylene in the solution to be read from X calibration greph plotting

<1

concentration ( gns 1itre X 10 ) versus absorbsnce e.t le-O m;u

It .was found that over ths concentration range 2210 x 10"3 gm. litre 1 '
phenylacetylene obeys Beer's Law. The path length was 1 cm. and the reference :
was hsxane. ' ' ' -

g_l Rp'idine anall_s .

Pryidins was estimated by a method analogous to that for phenylacetylene.
The. acid solution from hydrolysis was diluted Co.e. 100 times and ths absorbance :

at 256 m}\ was measured. A calibration graph enabled the concentration of pyri
dine to‘bs found. The path length was 1 cm. and the reference was distilled
water, L |

h.) Halide an xses.

chloride and brcmide in acid solution were determined by e potentiometric
technique. The cell, shiown - below, contains a Ag,AgCl or a Ag electrode separ-
ated 'from another silver slect-rode except for a capillary tube. . Since both
electrodes are sensitivs to the concentration of silver ions, any difference

_in concentration of silver ions bstnaen the solution inside the tube and the




solution outside the tube. will be reﬂected in a, difference in electrode poten-
tial-between the electrodes. The end-point of the titration is the time when
the concentration of silver ions in the. solution is undergoing its greatest
change per unit volume of edded silver nitrate solution. -Thus - ths position

oi‘ greatest difference in. electrode potential will be the end-spoint. Emcces-
sive equa.l portions of 0°01M AgN03 ere added to the halide solution, each time
having the composition of the solution inside ‘the- tubs the same as tha.t outside
before the addition. After each addition the difference in potential between
‘the . electrodes is measured. Dsoreasin_g the volum_e.. _o_i_‘ 0+01 AgNO, added each

_ 3 .
time increases the sensitivity and improves the acouracy of ‘the titration.

: Molecular Wei hts..

dryoscopio molecular weights were determined in benzene solution where
'solubility psx-'-.ittsda The b nzensms dr:‘.ed o.""' =ed'hm ‘wire snd the M'y p:‘.f-
constant was determined by calibration using - solution of freshly sublimed
biphenyl.

Infrs,r&d 8 e'c Lra,

gectra. a'_.-_'--_l_ .
o Infrared spectra were recorded using a Grubb-Parsons Spectromaster or & |
Perk:m-Elmer 621 instrument in the reg:l.on 4000-400 cm 1. The spectra. of .sollds
were, recorded an Nujol mulls. between KBr plates, those.of liquids as a. liquid

film between KBr ple.tes, and uhose of gases using a 10 cm. “cell with KBr windows
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and a' gas pressure of 1-3 cm.Hg. Specimens of air sensifive materials were
prepered in a glove box.-" |
b.) Ultraviclet sgectra.
The ultraviolet. (UV) spectra of solutions containing phenylacetylene or
pyridine were recorded on & Unicam SP 800 spec_trophotometer in the range 225~
350 m .

_ c.) Proton magn netic 'x;esonance. s_gec-.t-.r-a.

Proton magnetic regoﬁanéé‘ si)gctfa (pemere. spectra) were recorded at 60 MI*_Iz
on a Perkin-Elmer K10 spectrometer operating at 33° 5° or at 100 MHz on a Varian
HAL00 instrument operating at 25-30°. Tetramethylsilane (IMS), benzene, and
cyclopentane were the most _commonly used intemal st.andards. The samples were
usually prepsred as 10-15 wt. % solutions. '

Chrdmé.togi-aphx. Gas-liquid chroinatogragl_xz

This was used occasionally to find out the number of products formed dur-

ing certain reactionwproducts. qu_bowax and apiezon colums were used at tem-
peratures of sbout 50 . The instnx‘qxeﬁts \_m'ed were a Pye 104 chromatograph

and a Perkin-Elmer 1_.5&4

Purification ‘End: »r:e' aﬁﬁbn pf :stﬁrti’n‘ m‘aﬁﬁeri’als‘. -

Solveﬁf.s
Bentane, hexane, Denz.ene, T.oJ.uene, met.ny.:.cyc.nonexane, diat‘nyl ether and
tetrahydrofuran were dried over sodim. DJ.et_h_yl- ether, tetrahydrofuran, ben-
zene and i,Z-dimGthoxyethane were also dried in éolvent stills over lithium
al\imihium'.'hyd;@!‘ide:. The solvent was refluxed in the still for sbout 30 min.

prior to use.

Am:ines

_ridine and 2,2'-bipyri
Monomethylamine, dlmethylamine, ammonia, and trimethylamine were dried

over phosphorus pentoxide or calcium hydride and then stored on the vacuum line.




R
Triethylamine wes distilled from I.‘lAlHu Just before use, es wBs 'IMED Pyridine
wes distilled £om poteesium hydroxide on. to ‘notpssium hydroxide under nitrogen.
,2'-Bipyridy1, m.p.t. 72°, was sublimed at 7o°/10 mm on-to"a -78 “cold
finger, lea.ving the major mpuﬂty, terpyridyl, unsublimed. mphenylamine
was purified by sublimetion a.t 7o°/10 mm. m.p.t., 53°. . Aniline whs distilled
from zinc dust to give a eolourless luqnid, b.pt., 184°.
Alcohols |
Methanol was refluxed over. me.gnesium tumings and then distilled, “and -
t-butanol ‘was refluxed over aluminium turnings e.ctivated with & trace of mer-
‘eurde. chloride boefore it was distilled. FPhenol, m.pt. _43_-, was sublimed-at_-.
.uo-50°/1o- -3 rm. | | |
Alkyl halides

Methyl bromide. ethyl bromide, neo-pentyl chloride e.nd benzyl chloride '
were used without purification. " '
&kmes 4
L Propyne was puriried 'by freotioneting the. gas through a -96 ba.th, ond

2-butyne ves purified by frectiona.tion through a -78° be.th. Phenyle.oetylene
e.nd methyl(phenyl )acetylene were purified by distilla.tion under reduced pres- -
: ___sure before use. Diphenyla.cetylene was used without mrther purif:.ce,tion. - >

L:I.thium Alkxls '

* eBtyl-11thium vas pircha e.d_ r ‘Prizar Coi or Foo ote -Chemical -Co. Methyl -

-.§

lithium in ether ‘was prepared by the action of methyl chloride with lithium
metel. | |

Grima.rd Reagents
' These were prepared by the standard ‘method from me.gnesium tumings and an

alkyl halide in diethylether. The yields varied with the nature oi‘ the elkyl
gr_oup._ :_"l'he __solutions _were analysed for hydrolyssble alkyl before ﬁirther use.




Beryllium Chloride and Beryl1iun- Bromide .
| These compounds were. prepared by heating beryllium powder in a stream
of chlorine or bromine vepour diluted with nitrogen. The products were sub- |
limed into a receiver flask. ' Yield 80-90%. -
Beryllium Dialkyls S

The preparation of beryllium dialkyls was normslly carried out on a 0e 5
molar scale. Ether was added to a imown quantity of beryllium cbloride cooled
to -78°, When the beryllium chloride was covered with ether, the mixture was
sllowed to warm up ..to room temperature. More ether was added and the mi:dtt‘xre
warmed so that the ethbr was refluxing. With vigorous stirring the beryllium
chloride dissolves giuin_g two 1liquid laYerss The upper layer is a dilute solu-
tion of beryllium .chloride in ether while the lovirer layer is predominantly an
ether complex of beryllium chloride. The required quantity of Grlgnard reagent
is then added fa.irly rapidly (30 mins.) to. the beryllium chloride solution with
vigorous stirring. After the final addition the ether solution of beryllium

'dialkyl and the precipitated magnesium halide are stirred for a i‘urther 30 mins, ._

The ether solution.is decanted off, ‘eoncentrated to about‘ 200-ml.__ ‘and then transs
ferred to a distillation flask. The dialkyls can be distilled as the -eth'erates |
at about-'zo"-/_lo-‘z-mn. Hge . | ' .
Dimethylberyllium is a lymeric solid. 'lhis product 1is purified either
223~ '

- o men [ e - -
b.y DUIIU.LIIH.UU. TBUIRLl udb .

- Iriethylboron

This wes prepared from triethylaluminium and trimethylboronne eocording_’
' 2%

"to a published"prodedure. -7 The product was distilled.. i‘rom the r_eaction mix-

ture, b.pt. 89-90°.
Sodium triethylboron hydride
Sodium hydride (excess) was stirred with trigthylboron in hexane to give

sodium triethylboron hydride in solution. Excess sodium.hydride was £l tered
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22
off and the solution analysed for hydrolyseble hydrogen. 3

Lithium hydride
Lithium hydride wes available commercially. It was hydrolysed to determine
the weight per cent purity from the quantity of liydrogen produced.

Methyl- and ethyl-beryllium hydride trimethylemine complexes
These complexes were prepared by the reaction of lithium hydride with

methyl- or ethyl-beryllium bromide in ether. Addition of benzene, removal of
ether, and filtration from the lithium bromide precipltate, left a solution of
the hydride in benzene/ether. On removal of the solvent, addition of excess
trimethylamine and then removal of the excess a white solid was obtained. Sub-
limation of the solid at 50"/1()'3 mm. Hg. geve the pure methyl- or ethylberyl-
lium hydride trimethylemine complexes.
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Experimental Results

l. Coordination complexes of diphenylethynylberyllium

Unless otherwise stated all reactions. were carried out in a double-limbed
Schlenk tube.
Preparation of diphenylethynylberyllium N,N,N*,N'-tetramethylethylenediamine.
To a solution of methyl-lithium (18°70 millimoles) in ethef, e solution of
phenylacetylene (2+05 mls, 18°70 millimoles) in ether (10 mlé).was added slowly.
A gas evolved leaving a clear solution. Beryllium chloride (0°751 gms, 9°38
millimoles ) was dissolved in ether (20 mls) and syringed into the solution.
An exothermic reaction took place and a white precipitate of lithium chloride
was produced. Removal of ether left s yellow oil. 20 mls of ether were added
to dissolve the oil and TMED (138 mls, 9°35 millimoles) added slowly. A white
precipitate was produced which was filtered and washed with ether. Recrystal-
lisation from a benzene/hexane mixture gave small colourless needles. The
needles melted in a sealed tube under nitrogen at 168-170° giving a colourless
liquid. The complex could also be formed by addition of TMED to diphenyl-
ethynylberyllium bis-(tetrahydrofuren) in benzene and subsequent recrystel-
lisation from benzene/hexane. Found: hydrolysable phenylethynyl, 61+2%; Be,
2+72%; TMED, 35-1%; M(cryoscopically in 082,1°24 wt.$ in benzene), 320,333.

4

CyopHpgBelNpy requires hydrolysable phenylethynyl, 61°

8%; Be, 2°75%; TMED, 35:5%:
M, 327. The infrared spectrum, recorded as a Nujol mull contained absorptions,
below 20000 <:ms-1 at: 509 m3 536 m; 547 w; 608 m3 680 s,br; 699 s; 724 w3

760 s3 800 s3 868 s3 919 m; 953 m3 990 wi 1026 m; 1042 m; 1071 w; 1105 w; 1124 w;
1153 vw; 1176 w; 1210 s; 1284 m; 1350 ws 1488 m3 1592 m3 cm™Lt. s - strong,

m - medium, w - weak, v - very, br-.- broad, sh - shoulder., These abbrevia-

t¥ons are used throughout for i.r. spectra.

The p.m.r. spectrum was recorded as & solution in d6-benzene with TMS as




internal standard. The spectrum showed:

Relative
Type s Assignment Intensity
Multiplets Centered at CéHSCEC 5
2¢30 end 285
Singlet 8.09 N-C% 2
Singlet 771 I\I-Cﬂ3 6

Sublimation of the complex was attempted. With a cold finger at -78° and
an sdjecent trap at -196°, the complex was heated at 110-120°/10"7mm. There
was slow depostion of a white solid on the cold finger. At 150-160°/1O'3mm it
was only a little faster. Some decomposited materizl remeined in the tube.
The melting point and infrared spectrum were identical to that of the starting
material showing that some of the complex had sublimed unchenged. No volatile
material was collected in the -196° trap.

Preparation of diphenylethynylberyllium bis-(tetrahydrofursn).
Phenylacetylene (2¢05 mls, 18°70 millimoles) was added in ether solution

to methyl-lithium (1870 millimoles) in ether. A solution of beryllium chlor-
ide (0°747 g+, 9°34 millimcles) in ether was added slowly and the lithium
chloride was filtered leaving a pale yellow clear solution. On removel of

most of the ether an o0il remained to which was added excess tetrahydrofuran

(10 ml.), When the oil had dissolved hexane was added slowly. A white pre-
clpitate was produced which recrystallised from THF/hexane hixture as colour-
less needles, which melted at 138-140° to give a red liquid. The compound
could also be recrystalised from benzene/hexsne. Found: hydrolyssble phenyl-
ethynyl, 56°74; Be, 2°52%; M(cryoscopically in 0°49, 0°84 wt.$ in benzene),
352,365 CQAH%BaOZ requires hydrolysable phenylethynyl, 56°9%; ﬁe, 2°55%;

M, 355. The infrared spectrum was recorded as & Nujol mull: 493 m,br; 515 w,br;
550 m,br; 620 m,br; 635 m,br; 694 s; 709 s,sh; 722 m; 757 s3 795 m3 813 w,sh,br;
873 s3 894 mysh; 921 m; 961 w3 995 w3 1037 s3 1070 m; 1176 w; 1209 s; 1490 s3




55
1594 wi Even when the spectrum was recorded as a very thick mull f.he‘re was no

peek in the 2000-2500 cm'l regions The pem.r. spectrum was recorded as a solu-
tion in dg-benzene with TMS as the internal stendard. |

: : Relative
Iype R Asgignment Intensity
Multiplets Centered st CeHs=C 1e5
2430 and 286 '
Distorted Centered at o-cH, 1
triplet 602
Distorted .  Centered at 0-CH,~CH, 1
triplet 8¢59 |

Following the same proce&ure'es 'Efer' the p’repara,_t;ioh -of ‘the THF conplex, a
solution of diphenylethynylberyllimn in tetrahydromran was obtained to which
was added excess pyridine. A white precn.pitate was produced insoluble in THF,
hexane. and toluene at room temperature and insoluble in toluene et 80° After
filtering and wa,shing well with hexa.ne the white precipitate wes pumped dry.

A semple of the compound in a. sealed tube under nltrogen melted at 226-230°
giving a black liquid. Found 'hyglriolysable pheny}e.t_h_yhyl, 53-'953'_ Ba, _2‘434.
CoglipgBeN,  requires hydrolysebie phenyiethyﬁyi, .'5‘4--8%; Be, Z-M-ﬁ.' The infrared
spectrmn-recozﬂed as a Nujol mull eﬁeﬁédz 501 m; 513 m3 535 w3 562 s; 618.m
657 s3 66:m; 690 s; 698 s3 706 sysh; 727 5 755 s3 799 mj 809 m; 869 s; 913 w3
1021 m; 1050 s3 1074 s; 1158 wy 1212 s3 1490 s; 1569 vw; 1597 m; 1616 s.

Preparation of. dighenxlethmxlbegxlli\m bipyridyl.
(Pl'LC:C)zBe(Tl-lli‘)2 (0894 go, 2°52 millimoles) was dissolved in 10 mls, THF.

Fr'eshly sublimed bipyridyl (0393 gus, 2°53 _millimeles) was dissolved in 10
mls, THF and added slowly to the first solution. A white precipitate formed

which was filtered washed with hexane and dried. The solid'appearéd' to consiet
of fine white plates, which melted to a black liquid 295-302°. It was insoluble




in benzene. Found : hydrolysable phenylethynyl 53°3%; Bey- 2 ll»l% 026H.|.SBQN

-_requires h;ydrolyee.ble phenylethynyl, 55-o$, Be, 2’45% The infrared sPectrum

recorded as & Nujol mull showed absorptions- 511 w,br, 535_ w3 56_0 _n__, .635 m;
666 m, 671 m, 693 m; 707 m3 718 my 745 m3. 757 ss 780 m, 800 s3 Glé-s,sh'

-873 s,bl‘, 913 m; 1026 ‘s3 10’#1 83 1062 s3 1069 83 1092 m; 1104 s3 1162 wi 1180 w3
1208 -.m.-_.l_?6'+;:m..=-. 7w _1492 s3 -.1_57.u -__v_v,.._lso--s m; 1618 s.

Pre ‘ation of di' hen_leth ! lbe__ llium 1.2-dimethox__ ethane. :

1 2-dimethoxyethene (l ml.) in benzene (5 ml.) ues edded slowly to

_.(mc:c)zae('mm)z :ln benzene (10 ml.) A clear colourless solution was" fo!'ned.

On. addition of a £ew mls. hexane a precipitate of white feather-like cryetels
was formed tha.t would not pedigsolve in benzene. . "The- precipitate was. filtered, _

washed with hexane and pumped dry. A sample of the compound was found t6 melt

to s red liquid at. 190°, Found s hydrolysa.ble phenylethynyl, 67-195, Be, 34024,
-020*’203902 requires twdrolysable phenylethynyl 6701%, Be, : '99$ The ini‘rared |

spectrum recorded as e Nujol mull contained absorptionst 506 m3 51.7 m, 540 m,

602 my 6‘*7 w, 667 shijms 675 53 €95 s; 720 w3 757 3 798 m, 812 i 876 s. 916 ws
.1016 w 1026 wi 1050 s 1075 m,sh, 1081 o3 1191 w121 m 123 w1267 w3
.-1490 m. 1568 vw. 1597 e Ce e T o

Dissoeie,tion of diphen: 1.1-.-5" iyiber ii‘iﬁn;’_.mé- trimethylemine), .

o) ‘oe2ho c., 0-73 o' millin:';‘ 44_; | ;f'- the complex wers. pumped at 20-25°/ 10~3m
for 2)4- hours. After this time. 0°3 N ces of a gas was collected in an edjacent
-196° trap. This amou.nts to gbout 1% of the complexed trimethylamine.

b.) o zu-a (9 0 739 millimoles, of the complex were heated at 700/10-3m for
2‘4- hours. 13° 5 N ces of trimethylemine were collected, corresponding to L0-9%
of the completxed trimethylemine.

c.) 0 2118 G., 0-754 millimdles, of the; complex were heated at 90-100 /10"3mm
for -21& hours-and 15-45 N cos of-_.-trim_ethylenine were collected, ¢orresponding to
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57% of _the coni_piexed trinethylemin'e.

Pre _psra.tion of d:l hen'leth'

1ylbery llium dieth‘ _lethers te.

A standard solution of diphanylethvnylberyluum in ether was prepared in
the following way. 27-8 mls or 2'17M n-B.lL'l in hexsne (623 millimoles) ‘were
put 1nto one. armvof a le,rge douhle Schlenk tube. The hexa.ne was removed lea.ving
e brown liquid. This was cooled to sbout -20 and 30 mls ether added slowly.

To the solution of n-Bili in ether at -10 ’ phenyle.cetylene (6+80 mdi) wa.s .
added dropnise. - gas was evolved on addition of eeeh drop. When all the
phenyle.oetylene hed ‘been added the solution. was allowed to warm 'up to -roo‘m .
tempera.ture a.nd to filter through the sinter 1nto a solution of Becl2 1n ether
(2'-108-1 Qe 31 milllmol.es) A white preci:pitate of a 1mnedietely fomed
which was filtered . to lea.ve & clea.r brown solution. Analysis of the. solution -
showed it to be 0«410M in beryllium and 0°845M in phenylethynyl. -
. -_' 8. ml. of .the ether solution (3 28 millimoles) were filtered end wh:l.te
crystalline needles were obtained from the filtra,te. In another exper:unent
.the- ether wae remoVed and white crystallme needles Were obtained by recrystel-
liea.tion from benzene. : The cryste.ls went yellow on standing for a few de.ys, S
.. and a solution :I.n benzene went orange on. standing for 8 few weeks. On hea.ting
B .the crystels redden and darken £rom about 120 A ﬁnelly melting to a da.rk red
liquid at 11&9-151 Found' g hydrolysable phenylethynyl, 69°5; Be,. 3'19. »
' CfiaqBe0 Tequires hydrolyse.ble phenylethynyl, 7L°5$5 Be, 3°16f. Found:
M(oryosepplcally- in 0-93, 0- 63 wt.$ in ben,_zen_e__)., l&96._‘l~5l. cz-e_l_l-,lzloBeo_;require,e'
'M',' 28'5. , Th:ls‘ corresponds to degrees of essoc:latd.on of l;7lla and l- 58".'_ The
1nfra,red soeetnm ehowed 536 w; 558 m3 673 mn3 690 s3 695.83 719 ws. 761 83
776-m3 797 ms 811 wy 838 m3 876 m3 904 e3 913 m3 1000 m3 1031 53 1067 w3 1090 my’
1‘1_50 w3 1176 vwi 1190. vw3 1212 w3 1485 w; 1595.w. "It also hed sn absqrp._t_lon at
2105 cms'lofmedium strength, The pemer. spectrum in dé-b_enﬁﬁe with TMS 88

internal reg_erenee 'eho'wed. the folloirln'g_.- resonances s



Reletive

Multiplets Centered -at .. CgHgl=e 5
o 2029 ‘and’ 2¢91 LT

Quartet 5754 2-&7. 5499, '.—'0-.-(-3__32.—083 2

Triplet 8.7, 8190, 9:02  © . 0-Gib-CE, 3

- 10 Mis. of the -'o_-um-séiuﬁiﬁ of .di-éhehylfeiéhfyﬁ.‘flberyllium in ether wére
ta.ken and the ether reﬁorea to leave a white .soi.id. The solid was dissolved
in benzeno (10 m,l.) a.nd excess. triethylamine (6 ml.) added. Removal of the
'so].vent left & white solid. Reorystellisa,tion from bonzene/hexene 1eft large .
colourless prisms. Yield 65% Melting point, 102-6 . Founds hydrolyeable o
phenylethynyl, 66°18; Be, z-eei, M(cryoscopically in oa7u, ,-11 —'y solutio}; v
in benzene), 30’4, 5. 22}125391\1 requires hydrolysa.hle phenylethynyl, 6!&'8%, s

-88%, M, 312. The infrared spectmm recorded as e. Nujol mull, showed. SO
513 w, 52l w. 537 ms ‘557 m3 586 m,br, 637 s,br. 693 s, 701 m,sh, 746 m, 760 s,ﬂ
786 m,br, 810 s 838 H 899 m3. 907 m§" 913 w, 999 w, 1015 m, 1028 m, 1039 m, - ‘_
1049 m3 1068 m3 1086 mj 1102 W 1165 m, 1183 w, 1209 m; 1257 vwy 1300 s 1485 m. _
. 1567 vw,-159-2 We There was an absorption a,t 2090 of medium strength. The p.m.r. '_ .
spectrum recorded in. d6-benzene wd.th TMS as 1nterna1 'standerd showed the fol- o

: S .. Relative

- Iype L & Assignment Intensity
Maltiplets ~ Centered at 2¢36 GeHsC=C 10
- “end 2494
Quertet O 7e23, 735, 747, . N-GH,~CH 6
et TRRIZTER . RES 0
Triplet 9407, 919, 93 N-CRCE .9

In another experiment 1+l m1. -excess triethylemine was added to 3028 milli-'. .
moles of d_iphenyle.thynylbery]lium in e.tl_l_er (8 i, ). _The_ solvent and excess . |
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tri‘-_e";l_:tiyle-mine--was removed endl coleurlees pziSnis-' we're obtained from ~ben"-z'ene‘
solution. Analys:l.s showed tha.t there. remained sbout 2-3§ ether in_ the product.
o Mdition of NEbB, (2 ml., excess), to a solution of (PhC:C) Be(THF)
(0°918° Gos. '59 millimoles) in 20 ml. benzene. The sélvent was ranoved and’
the solid remaining oryeta]lieed £rom benzene/hmmne as colourless. needles,
who_s_e mept, and i.r. spectrum were identicsl with those of the bi_e-gtetra_t__nydro-
‘fuitan complex. | ) o S

8 0 Ml. of the ether solution of diphenylethynylbery]limn (0-1&1M) were -
taken end the solvent removed giving a brown oil. 5 M. hexane were added and _
.the ether/hexane .,olvent evapora.ted to 1eave a brown eolid. This was di-ssolv_ed' o
“in benzene end pyridine (0'26 ml., 327 millimoles) added slowly. 'When the
solution was reduced. in volume a precipitate appeared, that would not - redis- _
eolve-in benzene. The. m.pt. end i.r. spectrum of the solid were identical to ,

those of’ (Phc:c) Be.pyzo

_Prepe.ration of dighenxlethmxlbegxllimn tri!netgx ne. N _ .
- A solution of diphémlethynylberyuimu ethera.te (3'71 millimoles) in B -

mil}imol,es_).was condene,ed on.. On waming the m:l.xture under vecuun-in' a closed coTy
s_y:;tm_ a ".-'."..itc prccipi‘tate" 'v..'as se'en.' Anﬁther 5 ml. benzene 1-.'" eﬂded an R the _
solution wamed. The precipitate dissolved at a.bout 60-80° a.nd slow cooling |
gave smell wh:l.te needles, whieh melted at 186-188° to give 8 red liquid. " The -
compound was only sparingly soluble in benzene at room tempera.ture.

| Found: hydrolysa.hle phenylethynyl, 73e1%; Be, 3-25%, NMeB, 20- 07& |

019}&9391\1 requires hydrolysable phenylethynyl, 711-'8$, Be. 3 33%3 NMe3 21'9$
_ Ini‘rared spectrum recorded a8 & Nujol mull ehowed 5I.9 Wik 527 w, 535 ws 555 w,

606 s,brs 638 s,br; 673 m,eh, 687 83 706 s, 762 s3 783 83 826 e. 836 s, 911-!- w,
967 wvw; 939 s3 1022 w3 1030 w3 1068 L llQ'Z wi 1149 vws 1;!_.56_w, 1173 Vil 12(X)m,




1237 WS ]1}7? o H 1562 2 H 158? We The_r'e wBs aleo a medium etrengf.t'.h..bamd -a,t-

a..) 1:1 mtio.

. The tetra!\vdmmran complex (Phctc)zBe( THF)2 (l&ukk (}., 419 millimoles)
was dissolved in benzene (16 ml. ). The solution was frozen i.n liquid nitrogen
and -NHMe_ (914-'0 N ccs, 4°20 millimeles) was condensed on. On. vaming to room
ten_&pere.ture in a closed syet.em, a wl_;i—.te precipite.te was observed. “The solution
was warmed to dissolve the solid and f11tered het. Long thin needles cry_;tel-

"Iiged on cooling, which were- ﬁ.ltered, washed with hexane and dried. Erom the

filtrate more solid was produced when the hexene mixed with the benzene eolution.
The m.pt. a.nd '.|.nfrared spectrum of the solid from the ﬁltra.te were the same &as
those of the bis-tetrahydrofura.n oomplex. Tne ﬁrst c,rystalline compound
mel‘bed, 152-158 ’ and e.nelysed. hydrolse.ble phenylethynyl, 66'1, Be, 2'70$
NHMe,, 25-275 (Pthc)ZBe(NHMe )2 ( czo“zuBeN ) requires hydrolyse.ble phenyl-
ethynyl, 67°1%; Be, 2499%; NHMez, 29 9$ These e.nalysis ﬁ.gures were not. good

go. the experiment wos’ repeated ueing e. 1'2 ratic.

: b.) 1:2 ra.tio.

_ The tetrahydrofuran oomplex (Ph(:sc)zBe(THF)z, (0-683 Ges 1°92 millimoles)
wé.e dissolved in benzene and NHMe, (106 N ces, 4°73-millimoles) condensed on as

-;p;sfsre. A-precipitate was formed which recrystellised from. ben‘z_e_rie ‘a8 "‘colour-
less needles. After washing snd drying, a flaky white solid remeined, m.pt.

151.-1539 without deec. The eempeﬁnd was not appreclably sol_uol._e in B'enzene at
'room tehiperature. f‘ounds hydrolysable phenylethynyl, 67'3%3 Bey 2 '9li$l; NHMe,,
29-1% Thls cerresponds to (Ph(EC)zBe(Nl-Mez)z. The infrared spectmm recorded
as a Myjol mull showed, 518 w; 933 w3 655 m; 792 s3 719 m, 75’-& s3 796 m3

806 Wyshj 84l s 901 m 909 m} 1025 1 1039 mg. 1062 w3 1070 w3 1123 w, 1176 w3




1206 w, 1219 w,sh. 1274 w,‘br" 11!-68 m3 1595 w3 there were also bands at 3225 W

Rssotion;of;- Ph—c Be( THF ..with_.'-monome'th lamine. PEre) arstion of .diphenyl-

e..) 1:1 ratio.

The tetrahydrofuran complex (PhCEC)zBe(‘I‘HF) ’ (1'757 G., °95 millimoles)':.-"
wes dissolved in benzene (15 ml.) The solution wa.s frozen in liquid nitrogen
and NBZMe (111 N ccs., | '96 millimoles) was condensed ons On allowing the
solution to mnn to room temperature a white precipitate was observed. Waming
to 60-80 dissolved the precipite.te and the solution was then filtered hot. o
Rsmoval of some solvsnt allowed the isoletion of a smsll quantity of colourless
needles, m.pt. 85-86°. No more solid was precipitated from the filtrate until .
very. litt.le solvent remeined. More solid wes obtained by edding a little ._
hexene to the filtrate, Ed Anfrared spectrum of this solid showed 11-. to’ con- e
te,in mainly ‘the’ ste.rting materiel uith a small quantity of another compound. _
b.) 1:2 ratio, without heating. - - '_ v _ |

The tetrahydromran complex (Ph@.c) Be(THF)z, (0-621 G., 1-75 millimoles)
“and Mel\l!‘l2 (97 N ccs, 4033 millimoles) nere mixed in benzens (8 ml.) as above.
A white precipitate was. fomed which was filtered, wa.shed, and diled without "
hea.ting. The melting point of -the solid was 86-7°, end the infrared spectrum
was identicel to that of the colourlese needles from - the 1:1 reaotion. Found: o
hydrolysa,ble phenylethynyl, 72+ 3%, Bey 3¢ 32;, anme, 22-2$ °13“zoB°Nz requires' R
hydrolysable phenylethynyl. 7b,-o¢. Be, 330f; MeNH,, 22. 77& The infrered R
spectrum recorded as a Nujol mull showed: ‘523 w5 536 wi 650 w,br, 666 - iv, 675 w5

69t 55 702 8,br5 761 8 796 m,.:..;858 s3 913-w; 1016 531029 w; 1049 s 1070 m,-_ SR

1156 vu3 1178 vw; 1205 s 1238 m. 1259 wishs 1336 w3 1485 m; 1588 m; there

vere lso bands 9145 w, 3?30 m. 3285 " and & ‘very wesk bend at 2100 cnl.

,

c.) 1.2 l'atio, 'Hifah mting' '.




‘The tetrshydrofuran complex- .(-ﬁCEC.)ZBe( THF').Z, (141 G,y 3+97. mmmol-es ) "
and Mel\ll-l2 (190 N ccs, 8+48 mill‘:lme]_.___es'_)_'v'rere mixed in benzene as ebove, A
white precipitate was obtained sgain, which would not dissolve in 35ml. benzene
at roon tempera,tui-e. How'ever, :it .dissolved in about 15 minutes in b'enZene ‘at
e.bout 80° -No solid ceme out of solution on cooling. -Solvent was ‘removed:
unt:l.l about lb ml. were left, and then eolid started to be seen. : Addit:lon of
a little hexane (& ml.) produced a wh:\.tb solid, which was ﬁltered, weshed
w:\.th benzene, and dried. It would not redissolve.vin benzene end did not melt
below 300°, Found: hydrolysable phenylethynyl, 38+94; E. °9l&$, ‘,'Mine,-.l!-5‘-ﬁ8§.-
Ra;tie:,‘Be‘iN;_Pbp,sC = -0‘1-92:0'-'#9. ' e |

React:lon Of].;hCEC B°THF - withaniline. Prep

The tetmhydrofuran camplex (PhC"C)zBe( THF) (1-088 G., 307 millimoles)
was dissolved in benzense (15 ml.) a.nd aniline (0-285 G., 3006 millimoles) in-
benzene (5 ml.) was- added: slowly with stirring. There wns 1mmediate precipite-.
‘tion of & white solid.: ) Without a.ttempting to recrystellise it, the sol:\.d was
filtered. ‘iaehed with benzene. and drled. It wes. insoluble in benzene at
room temperature. Qn hea,ting 1t softened at 201!--7 but d:l.d not melt below
" 310°, Founds hydrolysable phenylethynyl, 52.0%; De, 2428%; Ph_an, uv;__.u_g_,-
c‘28H2bB°l_‘2 requir-es‘hydrolysable. .ph_enylet}wng.rl, 52-6%, Be,. 2--3'53$;A_PhNH2, 48'6% |
The Anfrered spectrum recorded as a Nujol mull showeds 492 wy' §l.6.w; 534 w3
543 w; 550 w3 622 wi 631 w; 687 83 723 w,br; 752 85 760 s3 794 wi 802 w; 816 ws
825 .wysh3 885 s3 893 mysh; 1003 w3 1030 ws 1067 m; 10'96-53 1149 w3 1176 w;. '
1211 w; 1350 w3 1u93 m$ 1501 ms 1587 -e; 1637 m, There were also bands at 3139 w,

3226 m, and 3268 w, and a. very weak band at 2114 cm 1-.

Reactton of'v FPhe=C -Be'THF . wlth di 'hen"blem:lne. ,

Dl.phenylam:me (0-#35 G., e 57 m.ll:unoles) in ‘benzene (6 ml,) we.s added
with surm;_g-,.to a eoluti_.on of (Phc__s_c)zl_sg(.m)z. (0°915 G., 2°58 minimoles) in.




'benz-'ene (8 ml.). The eddition of tne‘-:a'xi?ine _tu:ned' the pale yellow -So;l.uf.ion
elowly green,. but produced no precipits.te. The solvent was removed until.
sboiut four ril. ‘vefeined,, end.then 5 ml. hexene wes sdded sloily __giv_in_g-a, white
p;fe_cipifba.te_. Wamin-gt.ﬁhe--'solution'_to sbout 56° to disfsoive the ‘solid ]_.-e_d:.-:,t'o :
thé disappearsnce of the gz"ee’_m’-‘.‘ ‘ceileur as wéll. On cooling, colourless nee'fdl_es
were obtained and the green coiour returned to the solution. The melting point
of the crystals was 135-139 arid a red liquid was formed. Anelysis a.‘ndthe
1% spectrun confimed that it was the starting materisl. B

Reaction ef gPhE )2 __‘_)2 with ammonis,. . _

| The comp].ex (Phc=c) Be(THF) (0°791)5 Gey 20204 millimoles) was, dissolved in
benzene (10 ml.) end put into one 1imb of o double .Schlenk tube. The solut.’t.-on
was frozen and e_m_monia (15 N ces, 5413 millimoles) condensed onto its On
allowing the mixture to warm up to room tempera.ture a white precipitate was
found. Hea.ting 8 sample of . the solid showed tha.t some melting took place
30-50° but the bulk did not melt below 300 . The i.r. spectrum indiceted
that the solid was not a pure compound Found- : hydrolyseble phenylethynyl,
58-6%, B, 9 32$, N5 - 32 5$ Ra.tio - Ph@.c-. N}S ‘Bo = o 56*1 0-1-84. '

. .|'_

2,

Coordination eomplexes of dimethylathynylberyllium: Prep eration of dimeth-

Methylacetylene (980 N cos,. 1&3-6 millimoles) was condensed onto ether
',(30 mlk.) in o lerge Schlenk tube at. -78 n-mtyl-lithimn- (19 ml. of 2 25M
soln. in hexene, 42+7 millimoles) was added with stirring at -76° giving a
ehite pracipitate. After allowin_g_ t.he mixture to werm up to rocm tqm_pera,ture,
beryllium chloride (1 755 Gay 21 -'"'9 'miliinoles)'in e'tn'er (30 ml.) wes. a,dded by
syringe and. the mixbure etirred we11. Lit.hium chloride was produced es a white

precipitete which differed considerably from the previous precipitate, being
far more granular.. The so;l_.-ution_u_as-._filtered_, and other pumped off to lesve a




white cﬁstall-ine solid. ‘Blis sollid was dissolved in THF end crystallised from
THF/ hexane as colourless needles. Folmd hydrolysable methylethynyl, 33'87"
Be, 3'97%, M, (cryoscopicelly in 0-58, '87 wte % solution in benzene) 235, .
clul"zzB""z requires . hydrolysable methylethynyl, 3441%; Be, 3 °90$, M, 231. The
'infra.red spectrum recorded as a Nu;)ol mull showed the following_ abs_orptions,:
5!;9 m,br, 610 sl,br, 713 mysh; 725 mebr; 750 m3 777 m; 855 myshi 882 s3 917 m3
991 m3 1017 m, 1040 53 llalb w3 1197 wysh} 125¢l— vw,br, 13lb? We 'ﬂiere was also
“an absorption at 2137 o 1bof-wea.k strength. The p.m.r. spectrum as & 10%
'solution in d6-benzene with TMS as intemal standerd showed resona.nces ae__
followss i ' | |

c L .Rels;tive |
 Ipe X Assignment Intensity
Dstorted triplet  Centered at | 0GH -CH, Iy

| hE 605 S 2 E
snglt 806 S-S
Distorted triplet ~ Centersd-at = | 0-’6(2’95-’05 . . B

. g : 8.66 T = & .

Pre ara.tionof dimet' Lsthynylt

| Tl'imethylamine ( 500 N-ces, 22 3 millimoles) wa.s condensed onto dimethyl- _
othynylberyllium bis—(tetrahydrofuran) (1°Sl G., 8 05 mﬂlimoles) dissolved in
- 10 ml. benzene and frozen a.t -196 o The frozen mixture was al.lowed to wa.m up :
to ‘rooi temnerature under vacuum in a closed system. A precipita.te was obtained
which dissolved on heeting-. On cooling colourless orystalline needles céme out
. df',solutim. Heating a 's’ample of the»crystels caused e_ome melting betwe_en 172~
177°'° further heating ce,us-ed the compoimd to decompose but it .never'.completely
melted ~ Foundz hydrolysable methylethynyl, 38° 3%; Be, Leuhd, 12"24”’
requires hydrolysable methylethynyl. 38°0%; Be; 4°39%. The infrared Spectrum
' ‘recozded as & Nujol mull showed- 690 s,br; 709 w,sh; 733 m,br, 78'4 m,br, 826
sysh; 831 s3 980 m; 1005 s3 1112 mj 1233 wi 1247 w3 13;2 wyshs 1!1—00 w, 11;1#5 83

lhv?ll- 85 there was also a sharp wesk absorption at 2123 om 1.',
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Attempted sublimation of (MeC‘C) Be(NMe ) at 110°/10” 3 _mm. results in
conslderable decompos:Ltion. However, some white solld 1s sublimed, It anelysed

as (MeC=C),Be(NMe_ st

Preparation of dimethzlethmxlbegzllium.
If a solution. of dimethylethynylberyllium in & mixed ether/hydroearbon

solvent is evapora.ted almost to dryness, & white solid is produceéd which is

" readily soluble in- benzene, but insoluble :ln hexane. When the solid is ﬁltered
and pumped dry (30 min.)’ it is ho longer soluble in benzene, even at 70-80 .
Hydrolysis of this compound by -z_fmethoxyethanol at about -60 was very vigor-
ous, giving smsll deposits of carbon.  The anelysis showed the solid to be
(Mecé(:)zae(ontz )oe37° " after further pumping (25°/10~3 mm. ) for 18 hours, the
solid was hydrolysed -extz_'_e'mely vigorously (almost explosively) by 2-methoxy-
etnenol at -60°. | Large deposits of carbon were formed. The ether and beryl-
1ium enalyees indicated a'ratio (MeéC-)ZBe' Etzo = 2651. Found: Be, 9 ;9%3 -
ether; 4+0%; hydrolysable methylethynyl, 1&6 7%. A melting point wes not attemp-
ted in light of the tendency of (MeC=C) Al to explode. 'The infrared spectrum'
recorded as a Nujol mull was very: s:\.mple showing the following ‘bands ¢ 473' _s;
W94 s3-703 m3 976 m3 994 m; 1032 w3 1360 w. Tnere.was__also. a ‘strong, sharp

peak at 2119 em™L,

ar wy

Pre aratlon of dimethyleth ibe 1iium N N N?,N'-tetrame thyl yleredien.‘..ue

_ The amine TMED, (10 ml., 672" millimoles) in benzene (5 ml ) was added '
slowly to a solution of (MeC—;’C-)-ZBe(: Tl*!li‘)2 in benzene (10 ml.). A preeioitate
fo_rmed immediately. The preeipitate dissolved on waming and gave c_olourles
ery.sta'lline needles o_n,_coo'lin'gf The crystels were filtered, washed with ben-

zene, and dried. A -sample melted 19'642010 to give a clear liquid.“ Found:
hydrolysable methylethynyl, 28¢5%; Be, 3°29; TMED, 4k-4g. Cy,HypBeN, requires
hydroljeable.netnyletnynyl, 38'14-%;-_Be_, l&_'l.laﬁ_; TMED, 57.2%. This large -di’ffer-

ence between the observed and expected ‘analysis figures led to a second
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recrystellisation of the compound from ben_zene. Found. s hydrolys‘a’o]_.e methyl-
ethynyl, 28_-‘?% Be,. 3+36%; TMED, 43.3%. These figures were essentislly the
same as ‘the previous ones. ‘

A sample of the compound (0°307 G.) was heated in a snblima.td.on tubg at
100°/10 i, with the cold finger at -78° and an adjacent trap at- 196 « A
white sol.id‘ condensed onto the cold finger, and some -volatile material was
colécted in the trap. An sttempt to collect the volatile materiel in the
Topler pump showed that one of the components d:ld not have a high vapour pres-
sure at room tempera.ture since 1t liquified in the pump. The 1,.x. spectmm of
the gas showed: it to be a mixture of benzene and methylacetylene. (MeCiG)zBeTMED
C6H6, cmHzaBeN ) requires hydrolysahle methylethynyl, 27'875, Be,: 3°20%,
TMED, ll-1°3$, which corresponds closely to the analysis figures found, above.

The sublime.te analysed hyirolysable methylethynyl, 38-0%, Beg -uax, nmn, B
.56°5$ (MeC‘C)zBeTMED (= ClzﬂzzBeN y requues hyd:rolysable methylethynyl, “
| 38-»%, Be, Kel3$; TMED, 57+2%. The melting point of the sublimate vas the
same as that of the crystallised eanpound. i ‘I'he infra.red speotrum reeorded e,s
e Nujol mill showeds 538 m3 608 m, 66u S5 671 s,sh, 730 W 770 w3 782 m3 81 m;
994- m. 990 m; 1015 s, 1029 s 10&2 m, 1106 w, 112b w, 1176 vw, 1200 w, 1250 AL

1282 w3 131&6 vw,‘ there Wes. a'.l.so 3 waak band a,t 2128 ‘em” l,."-_

3. 'cg'-,-g-aig,g__u_m' cmpl-e"_!_’gs of p anvlathvnvl(methvl )berv]liwn. »Attmbﬁ'ed" p;-é-

pe.ra.‘l‘.ion of" phenylethynyl(methz )beryllimn tetrahydrofuran.

2-28 Ml.. of a 1° 79M solution of MezBe in ether were put 1nto one l:lmb of
'a double Sehlenk tube end the ether removed to leave the golid Me Be. A 50
o:l.l be:bh we.s used to hee.t the solid and e ring of solid 002 was oonstmoted
further up the tube. After sbuit 5 mins. under 107 “3 tim. pressure: the solid
began to sublime, and it was: presumed tha.t very little ether remeined. Benzene

(8 ml.) was edded to the sol:!.d, followed by a solution of (PhOIC)ZBB( THF)Z
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(1e45L G., 409 millimoles) in benzene (20 ml-..'). After about an hour of stir-
ring at room tempare.ture, the Me Be had dissolved. The solution was pale

yellow. The solvent wa,s slowly ‘removed without heat.ing until about 2-3 remained.
uhon the whole entity solidified. A further 10 ml. benzene was added but the
solid would not comptetely dissolve even when heated. The mixture was ‘allowed

to cool and then filtered. The. ﬁlfrate was transfered to another Schlenk

tﬁbe and hexane was added. A white precipitate was deposited from the eolution
which was now .ora.née_due to some decmeposition. Recrystallisation of the solid
from benzene/hexane as coloui'less needles, which were shown to be (PhCEC)zﬂBe( THF)2

by 1.r. spéectrum and m.pt.

Attempted preperation of phenylethynyl(methyl)beryllium. triethylsmine.

2-:'6“"? M. of a 1°'9. s_oluf:_lon'of xezpe iri 'ether- (4°78 millimoles) were
teken a.nd'treated as above to obtain solid Me Be with very little coordinated
ether. Toluene (5 ml,) and NEt. (067 mle, 481 millimoles) were added and a
clear solut:l.on resulted. (PhC‘C) BeNEh (1 492 Gey 4°78 millimoles) was dis-
solved in toluene ( 6ml.) and -added slowly with stirring to the Me 2BeNEt3 sol-
ution to give a_pale yellow solution. A sa.mple was ta.ken for pem.r, study and
the remainder was filtered. Some of the toluene was pumped off but no precip-
itate was eeen. When the volume of the solution was about 5 ml. hexane (10 ml.)
was added but still no solid appeared. Cooling the solution produced two
liqu:l.d layers. Finelly, vigorous stirring in the presence of hexane as the
only solvent gave a white precipitate, which was shown by i.r. spectrum and
m.pt. to be (PhCSC),BeNEt,. '

3
The p.m.r. spectrum of the mixture at +30° showed the following resonances:

Relative
Type I Assignment Intensity
Quartet 727, ';"ggs 7453 N-CH,- 6
Triplet 9413, 9°26, 9+39 . N-CH,~CE, | 9

Singlet . 1065 K Be-CH, 3
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Lowering the temperature of the sample showed changes in the chemical
shiftsend at about -60° the NEt 3 resonances broadened beceuse of the slowing
down of the exchange process of NEt3 groups,

Lk, Anionic Complexes
Reaction of (PhC-EczzBeg THF), with PhCsCli. Preparation of 1ioBe(C=CFh), .

a.) 1:l ratio. _

Phenylethynyl-lithium (0+611 G., 5°66 millimoles) in THF (10 ml.) was
added slowly to a solution of (PhCEC)ZBe(THF)2 (2°004 G., 5°64 millimoles) in
THF (15 ml.) to form a pale yellow solution. The THF was pumped eway to leave
an oll. The oil dissolved in benzene but addition of hexane produced two
liquid layers. Pumping off the hydrocarbon solvents produced a white solid,
whic_:h would not completely redissolve in toluene. The solid which did not
dissolve was filtered, washed with toluene end dried (30 min.). A sample of
the solid did not melt below 300°, Found: hydrolysabie phenylethynyl, 90+0%;
Be, 1°91%; 11, 2°80%. 1i,Be(C=CPh), ( = Cj,HyqBeld,) requires hydrolysable
phenylethynyl, 94+6%; Be, 2¢11%; 1i, 3+28%, Ratio of Li:Be:C=CPh found by
enelysis = 1°89: 1°00s 4*16, and the enelysis mccounted for 94°7% of the weight
taken.

b.) 1:2 retio.

Phenylethynyl-lithium {1°06 Ge, $°82 millimolus) in THF (12 nl.) was
added to (Ph(‘.':'c)zBe(THl“)2 (1°736 G., 4°89 millimoles) in THF (20 ml.) giving
e pele yellow solution. The solution was concentrated to about 5 ml. and then
15 ml. hexane added slowly. No precipitate formed so the solvent was removed
and a foam wes left. The foem was bolled with 10 ml. hexane to produce a
yellow solid. Benzene ( 5 ml.) was added and thé solid dissolved on warming.

Hexane was now added and a white solid was formed, which was no longer soluble

in benzene, and which had no melting point below 300°. Its infrared spectrum




was the. seme as t-hat«.,off the sollii 1sols,ted framthe 11 rea‘etion. iibund-
.hydrolys_able phenyle‘ﬁhynyl, 91‘5%3 Be, 1°93%; I.i, - °83$ The: ra.t:lo L‘J.'Be'
PRCSC = 1+913.1°003 4+2. The. anélysis nccounted for 96°3% of the weight
taken. A sample of bhe coppounid was heated at 50° for 16 hours at 10 -3 mne
pressure and any volatile materiel was collected in a -l96°‘ trap. .,No -volatile
materisl was colected. The infrared spectrum of the compound recorded as o
Nudol mill showed: l&99 W 532 w3 538 ws 545 ws 667 m3 673 ms 682. m, 691& H
699 mysh; 751 &3 757 s3 §70 m3 790 ms 803 m3 817 m, 81&0 v¥; 895 w3 913 w3

1028 ws 1045 m; 1070 w; 1090 vw,br; 1202 w; 1484 w3 1618- w3 there was elso a
very week brosd band centred at 2080 g™l

_ r ylbe 'llium alkoxides and_._'_henoxide.
Rea.ction of__ (Phe=C) Be_THF _‘ w.tth methanol. LT

Methanol (0°19 ml., b 69 millimoles) in benzene (6 ml.) was edded to
(mc;c)zne('rm?) (1°6?2 Goy I 71 millimoles) in benzene (12 ml. ). A"clear N
solution at f.‘l.rst beceme a. l:l.ttle cloudy as a colourless gelatdnous precipitate
_we.s fomed, and the solut:.on became sl:i.ghtly warm. 'I‘he preo:l.pitate was quite
_smel_l _:l._n_ quantity. It was filtered off" and the ﬁltra.t.e reduced in volume. _
Hetxane was added to the filtra.te when the volume was about 3 ml. end a white
"pre_oipitate was produoed. This product was found to have a m.pt. and i,r.
identical wii‘._i'l‘those..of :‘t‘.ne_ starting beryllium coipotnd. The first compuuhd

hed en i.r. spectrun identical with that of (MeO),Be.

Resction of gphc=,c)213'egrrm) with f.er,tiggx: butanol.

To (PhC:C)zBe( THF) (1-’-!1&6 Gey 4°07 millimoles) dissolved in benzene
(12 ml.) was added t-BuOH (0°302 Gey 4+08 millimoles) in benzene (6 ml.) with*
std.rring. Imediately a.fter the addition there was a clear solution but within ~
about 30 secs. 8 preoip:ltate had, appeared. On waming. to about 80° the pre-
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cipitate dissolved, and on cooiing small colourles: .eedles were tormed,
wnich were not observed to melt on heating to ‘JUUO. The compound wes feirly
soluble in benzene at room temperature. Found: hydrolyseble phenytethynyl,
4ueb%; Be, 3°58%;3 M (cryoscopically in benzene, 0+60 and 0+91 wt.% solution)
311, 364. CygH,,Be0, requires hydrolysable phenylethynyl, 39:6%; Be, 3+53%;
M, 255. QObserved molecular weight corresponds to degrees of association of
122 and 1<43. The infrared spectrum recorded as a Nujol mull showed:

508 ms 531 m; 631 m; 687 s3 697 s3 758 m; 768 m; 802 s; 858 s; 886 m3 917 m3
957 m3 975 s3 999 ms 1031 s; 1067 wi 1176 ws 1205 m3 1230 wi 1247 wi 1277 w3
1592 w.

Reaction of sPhCEC),,BejTHF)z with phenol, Preperstion of PhCsCBeOFPh,THF.
Phenol (0+17L g., 1+82 millimoles) in benzene (5 ml.) was added to

(PhCEC)zBe(THF)z (0648 goy 1°82 millimoles) in benzene (6 ml.) giving a
pele yellow solution. Solvent was removed till the volume was .about 6 ml..
Hexane (3 ml.) was added slowly and a white precipitate formed which on
crystellisation from benzene/hexane produced colourless needles, which
melted 203~6° to give a red liquid. Founds hydrolysable phenylethynyl,
37¢3%; Be, 3+27%; M, (oryoscopically in 104, 1le54 wt.% solution in benzene)
440, 473, CgHgBe0, requires hydrolysable phenylethynyl, 36+7%; Be, 3°27%;
M, 275. Observed molecular weight corresponds to degrees of association of
1+60 and 1+72. The infrared spectrum recorded as a Nujol mull showed: 506 m}
531 w3 536 w3 611 wi 651 w3 695 s; 707 s3 757 s3 633 m,sh; 826 w,br;' 862 s3
873 s; 882 s; 889 s,shy 915 m; 966 w; 1000 wi 1022 m; 1068 w3 1169 w3

1176 wysh; 1210 w; 1264 s 1484 m3 1591 m.

Reaction of (PhCEC)ZBe,NEtj with tertiary butancl.

a.) 151 ratio. Preparstion of polymeric PhCzCBeOBu}

t-Buteanol (04159 ml., 1¢68 millimoles) in benzene (4 ml.) was edded




7
slowly to (PhC=C)2Be NEt3 (0. 525 Bes 1 68 millimoles) dissolved in benzene
(6 ml.). A white precipitate slowly fomed which was filtered, washed with
hexane and dried. It was insoluble in hydroce,rbons, in 2N H25Qy , in .
HZS%/MeOH, in NaOH/EtOH, e.nd in acetic acid. It was soluble in wam conc-
entrated nitric acid. Gravimetric gnelysis for Be, L4+89%. PhC—CBeOB.xt
(= (‘12H14B90) requires Be, -92% The compound did not melt below 300°. Its
infrared spectrum recorded as o Nu;jol mull showed 525 w, 535 w3 693 5,br;
754 mysh; 762 s3 766 myshj’ 88!& m,br, 866 .s3. --893- br, sh, 915 m3 931 m3-1030 w; 10
1045 w3 1072 w;- 1110 w,br,sh, 1171 w3 1179 w,sh, 1219 w; 1264 m3 1399 H
1493 w3 1595 vw; there was also o weak, broad absorption band at 2118 cm™*
The re_ection between ,(-‘Ph_CEC)ZBe_,OEté ‘and .t_.-butanol in a 1:1 ratio gives the same
product. _
b.) Jek ratio. Preparation of (PhczC) BeB(OB.t ),4.

| t-mtanol (104 ml., 11°0 millimoles) in benzene ( 5 mle ) was added to
(PhC:C)zBe NEt3 (258 g., 827 millimcles) dissolved in: benzene (12 ml.) .
The solution became wam during the. addition and a white precipita.te fomed.
-The solid only dissolved when the benzene was heated to its boiling point. On

cooling no solid came-. out of solution. The benzene was pumped off a.nd the solid -

that rema.ined was crystallised from hexane @s colourless needles, m.pt. 2109,
Found 3 hydrolyse.ble phenylethynyl, 39+2%; Be, 5¢1i4%. Cy2Hy 68250y requires
hydrolyse.ble phenylethynyl, 38+8%; Ee, 5¢18%, = The infrared spectrum recorded a
as a Nujol mull showed: 534 w3 541 wi 619 w; 692 m3 709 ww; 756 s; 785 w3

820 s3 839 3 861 mysh; 913 vw; 989 vs,br; 1031 m; 1072 w; 1061 w; 1196 m;

12_27 n; 1241 m3 "l2§5 m3 1326 wi 1368 s; 1490 w,sh; 159'5 vw} there was also

& sharp. weak band at 2131 .cn-l.

- The Pemer. spectrum in dg-benzene with TMS as internal standard showed

the following resonances.
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Iype T ssigiment ve T
Mdtiplets  Centred at -  HeCsC 5
o 2¢3 end 2489 %5 g
Singlet 8 I | (crr3)3co 9

Pre_ aration of | Phc-c)zne3§ t),, using Be(OBab) ..

To mnm. (1+55 ml,.,of 3°38M solution in benzene) dissolved in benzene

(10 ml.) was added PhC=CH (0657 ml,, 5°22 m:lll:lmoles) dissolved in benzene
~(5ml.)e A white precipitate of Phc-CLi was formed, to which was added Beclz
(0-209 Bes 2461 millimoles) :|.n et.her (15 ml.) I.i.thi\.m chloride was precip-
itated ans filtered from the remeining sclution. Then Be(0Ba®), (04808 g.,
5022 millimoles) in bonzene (0. ml.) was . added. The solvent wes removed
leaving a white solid. Hexene (20 ml.) wa.s added and most of the solid d:leo-
olued.l After ﬂltration. colourless needles were crystall:lsed from hexene, :
n.pt. 212° The :I.nfre,red spec‘bhm of the compound was the seme as. tha.t of the._ -
compound fomed from (phc:c)zae,m3 and b-B:OH. A cryoscopic molecula,r -
welght detemlnation :I.n. 1427 end lg-6?_wt.$-s@ution -in benzene. gave velues of-
5 and 90 Coghesty sequives 2L S -

&) without heating, .'

he thitol (0+60 ml., 4+41 millimoles) was dissolved in benzene (5 ml.)
and added to (PhC=C),Be( THF), {(1° 564 gey 4o41 millimbles) dissolved in benzene
(15 ml.). A o.',l_._eer pale yellow solution was produce,d, The solvent was removed a
till ~e,bout-- 5 ml. remained and then "heiane:"wes sdded d'ropw:lse to. produce & whit_e__
piecipita,ﬁ‘e. Reorystallisation from benzene/ hexane left colourless needles,
1dentiﬂed by 1nfrared spectrum end m.pte t.o be the sta.rbing Material. From
the filtra.te 8 white solid was obtained which: crystallised as colourless prlsms
““from hexane, m.pt. 132-135%(dec). The mfmred spectrum showed that 1t was
not all starbing mater:lal. The roaction was not fast end some b-BuSH was

probably wmagntd :L-.,'“",I'o__‘ B
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probably pumped away.
b.) heating at 509,

The reaction above was repeated using 1+376 g., 3+88 millimoles,
(PhCEC)zBe(I‘HF‘)2 and Oe4ly ml., 3°88 millimoles t-BuSHe After addition of the
t-BuSH, the solution was heated under e closed system at 50° for an hour. Most
of the benzene was pumped away ami 5 ml. hexane was added. No precipitate was
seen. Pumping all of the solvent away left a white solid, which was crystall-
ised from hexsne as colourless needles, me.pt. 150-155°(dec). Found: Be, 3-3153
M, (cryoscopically in 0°67, 1901 wt.% solution in benzene) 523,529. Analysis
for phenylethynyl was upset by “the presence of another peak in the uv spectrum,
which must arise from the t-BuSH., It was estimated to be 33=35%. Cj¢Ho2Be0S
requires -hydrolysable phenylethynyl, 37+3%; Be, 3°32%; M, 271. The observed
degrees of association are 1°93 and 195, The infrared recorded as a Nujol mull
showed: 500 w; 515 w3 539 m; 545 m; 568 w; 595 m3 694 s; 717 ms 763 s; 853 s;
873 s,bry,sh; 913 m; 922 m,sh; 954 w,shs 1000 m} 1026 s3 1042 m3 1070 m3 1164 m3
1176 m3 1215 m3 1366 m; 1484 m; 1595 w; there was elso s very weak band at
2118 cm™l. The Pem.r. spectrun in d -benzene with TMS 8s internsl standard

showed the following resonences:

Reletive
Type ' il Assignment Intensity
Multiplets Centred ' at - C6_H50'=‘C 7
2430 and 290
Distorted Centred at O-C§2-CH 6
triplet " 595 2
Singlet 7491 5-C(CH, )3 s [

Reaction of ‘Phc&c} Bes '1.‘}!1?22 with thiophenol.

Thiophenol (C:41 ml., 4°00 millimoles) in benzene (8 ml.) was edded to a
solution of (PhCE(:)Z(THF‘)2 (1°420 Gey 4°00 millimoles) in benzene (15 ml.). A

clear solution resulted. The solvent was removed to leave an oil. Boiling with

two successive 10 ml. portions of hexane failed to solldify the product but




7

caused the oil to go brown. Cooling the oil or its solution in toluene failed
to produce & solid. The reaction was absndoned at this point.

7. Phenylethynylberyllium helides.
Resctlon of PhC=Cli with BaClz.

Phenylethynyl-lithium (1°O41l G., 9°64 millimoles) dissolved in ether was
added to BeCl, (0°778 Gey 9°70 millimoles) in the seme solvent. The precipi-
tated 11Cl was filtered off leaving a clear yellow soclution. Removal of the
solvent left an oil which wes stirred vigourously with several portions of
hexéne eventually to produce a solid which wes pumped dry. The solid was
soluble in benzene but addition of hexene only produced an oil at room temper-
ature. Cooling and stirring the benzene/ hex‘ane mixture at about 0° ceused the
oil to change to a light-brown precipitate, that could then be filtered, washed, .
and dried at room temperature. Found: hydrolysable phenylethynyl, 4li*8%; Be,
3¢52%; Cl, 9°00%. Ratio PhCzC ¢ Be : C1 = 1°12 2 1°00 : 0°65. The reaction

was not investigeted furter.

Reaction of SPhOEC)EBngHFIZ with BeCl .

Beryllium chloride (0°368 G., 460 millimoles) dissolved in wam THF (50°)
was added to a solution of (PhCEC)ZBe('I.‘I*!F‘)2 (1634 G., 4°61 millimoles) in
THF (30 ml.). A clear solution was formed which wes concentrated to about
10 ml. Hexane (8 ml.) was then added slowly to produce 2 white precipitate.
Attempted crystallisation of the solid from THF/hexene or from benzens/hexane
always produced two liquid leyers. The precipitate could be recovered by cool-
ing the solution to about 0° and stirring well. It was filtered without cry-
stellisation, washed with hexsne, and dried. A sample of the solid melted at
85-87°. Found: hydrolysshle phenylethynyl, 37-1%; Be, 3°27%; Cl, 1356, If
the remaining weight is assumed to be THF, then the ratio PhCz=C : Be ¢ C1 : THF =
1¢01 : 1°00 : 1405 ¢ 1°75. These enalysis figures would suggest that the com-
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pound wes & mixture of PhC=CBe(l.THF and PhC':'CBeC].(‘1‘I*IF)2 rether than a mixture
containing (PhC=C)2Be( TI{F)2 end BeCl2.2'I‘HF. It was not possible by comparison
of infra.r_ed spectra to say that BeC‘.LZ.ZTHF was not present but the ebsence in
the spectrum of the solid of bands at 620 and 625 cm'l showed that no
(PhC'='C)zBe('1‘H!3‘)2 was present.

0+8812 G. of the compound isolated above were dissolved in benzene. Pyri-
dine (0+51 ml.) was added to the solution and since no precipitate was produced,
the solvent was pumped off. A solid formed at low volume which could not be
completely redissolved in benzene even at 80° The solid was filtered off for
analysis. Found: =a.) hydrolysable phenylethynyl, 28°4%; Be, 3°04%; Cl, 14°8%;
PYes 57°5%. b.) hydrolyseble phenylethynyl, 27°4%; Be, 3°18%; Cl, 1u°*7%;
PYes 55°9%. Avorage ratio: PhCzC: Be: Cl: py = 1°00: 1‘2.5: 1le503 2962,

8. Coordination complexes of beryllium diselkyls.

Preparation of dimethylberyllium triethylamine.

8 ML. of an ether solution of Me,Be (1°79M) were syringed into one limb
of a double Schlenk tube and the ether evaporated to leave & white solid.
Benzene (12 ml.) end triethylaemine (4 ml.) were added to give, on stirring,

a colourless liquid, which was transfered to e distillation apparatus. With
the receiver at -30 - -40° and a pressure of 10-2mm a 1liquid slowly distilled
over. Found: hydrolyseble methyl 21+2%; Be, 6°44%; M (cryscopicelly in 0°45
and 0+68 wt.$ solution in benzene), 134,138. CgH,BeN requires hydrolysable
methyl, 21°4%; Be, 6°43%; M, 140, The infrared spectrum of the liquid showed
the following bands: 619 w,br; 707 s; 748 s3 806 s; 837 m; 910 m; 940 s;
1016 m; 1035 m; 1068 ws 1090 m; 1110 w; 1164 m; 1194 m; 1299 vws 1330 w;

1355 w3 1391 m; 1456 m; 1481 m. The p.m.r. spectrum in dg-benzene with TMS
as internal standard showed the following resonances:
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Type T . Assipgrment I:?:i:stivé ,
Quartet 7ol ,7456,7+68,7+80 N-CH, 6
Triplet 9°26,9+38,9+ 50 N-CH,~CE, 9
Singlet 10+ 59 CHy-Bo 6

Preﬁration of di—neo-gentxlbegllium diethxl etherate.

0  To 840 G., 0°1 moles, of BeCl, dissolved in 500 ml. ether was added 260 ml. -

0°80M nio_épentylmagnesium chloride (021 mole ). ~ The ether solution was de-
canted from the magnesium halides and coricentrated to about 100 ml. The' sol-
utic_m was then put inr.o the reflux-distillation apparatus (see page ) end
refluxed for 21 hours at 50°/1073 m. before distillation at 50°/1073
Hydrolysis of & 'smaii ‘.séxnpie‘ showed the p'resence of a considerable quantity
of ether in the liquid s0 it was distlléd back into the reﬂux-distiliation
apparstus and then refluxed for 29 'hou:rs-f.__, at 5o°/1o.'3 mm. The liquid wes dis-
tilled sgain at about 30‘.’/10_'3 m.f Fou_:nc'-i_I:. Be, 4°07%; M (_eryoscpj;icg;ny in .
'.o--'61', 0691"wt.'$" solution 1n‘behzéne)"266 -"216'. Ciu"sz“ 'require's Bé,- I-oo"x;
M )225. 0845 G., of the eompound produced :on hydrolysis 111 mill:uuoles of
neo-pentane plus ether. G.IJ+ BsO requires 1'13 m:lllimoles. . The infra.red
-spectrum of the liquid shows the following bands' 530 w,br, 656 m} ns. m,sh.
728 m3 754 s3 779 m, 835 m, ;87,}5_ w3 903 m3 910 m3. ;92_0,__W. 955 m3 994 m, 1010 m3
1033 s; 1090 m; 1128 m; 1152":m~;.'i19-_2 iy 1221 65 1238 ms 1355 s3 1390 m; 1448 m;

1468 s. The p.m.r. spectrum in benzene with benzene as the reference s,howed:

Relative
Type T Assignment Intensity
. ' » ° - - 2 '
Qusrtet 5 21, E.ﬁg, 535 0 Cﬂz C!i3 |
Singlet 8470 ' (CH, )CCH, Bo 9
Triplet 900, 9+07; 9+1 0-CH,-CH, 3
Singlet 9 «81 ( CH3 )BCC!LZBB , 2

Preparation of di-neo- N'-tetraxnpth lethylenedianine.
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Di-neo-pentylberyllium (04978 G., 4°35 millimoles) in benzene (5ml,)
and IMED (0°65 ml., 4e46 millimoles) in benzene (10 ml.) were mixed to produce
& clear solution. Removel of the solvent left a white solid which wes recry-
stollised from hexane as colourless prisms, m.pt. 78°-80°. Found: hydr.olysable
neo-pentyl, 53f9$; Be, 3+32%; M (cryoscopically in Oe74, 1¢11 wt.% in benzene)
256, 256. 016H3839N2 requires hydrolyssble neo-pentyl, 53°2%; Be,.3+37%; M,
267. The infrared spectrum recorded as a Nujol mull showed: 462 w; 480 w3
560 vw; 620 m3 674 s3 723 m3 747 m; 770 vws 802 m; 834 s3 900 vw; 938 m; 948 m;
1002 m3; 1009 m3 1020 s3 1038 w3 1053 w3 1091 w; 1105 m3 1116 s; 1157 w; 1181 w;
11%9m; 1207 m; 1235 w; 1275 s 1344 s. The p.m.r. spectrum in benzene solution

with benzene as the internal reference showed the following resonsnces at room

temperature:
Relative
Type Rl Assipgrment - Intensity
Singlet 800 CL{B-N 3
Singlet 8+17 ng-N 2
Singlet 8els7 (0113 )3ccrx2 9
Singlet 992 (CH3 )BCCLX2 2

Preparation of dibenzylberyllium diethyl etherate.
A solution of dibenzylberyllium in ether was prepared by adding benzyl-

magnesium chloride to beryllium chloride in a 2:1 molar ratlo, end then
decanting t;he ether solution from the precipitated megnesium helides.

Pumping off the ether cooled the solution and a large quantity of solid came
out of solution. At sbout 5-10° it went back into solution. Pumping at 50-
70° led to the solution tuming dark brown in colour. Since the resulting
1liquid could not be refluxed in the reflux-distillation apparatus, an attempt
was made to remove any remeining ether by successive addition and evaporation
of 20 ml. aliquots of methyleyclohexene. Finally 30 ml. of methylcyclohexane
were added and the solution filtered to remove some precipitated magnesium
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halides. A sample of the filtrate showed on- hydrolysis a ratio Bes 0Et2
100 :0'9?. The methylcyclohexane was eveporated from the solution to leave
a viscous liquid. This was transfered to a short path distillation appara.tus
and a little ether added. With a pressure of 10 3 mm and a bath temperature
of '120-150°, white crystelline rieedles collected in the receiver (-10°).
There was a great deal of decomposition in the distillation flask. The
crystals hed a melting point of 50-51°, Found: diethyl ether, 27+5%; Be,
3-38%_; M, écryoscopicaily in 1°00, 1*51 wt.$ solution in benzene) 245, 259,
CygH,, BeO 'requi_res diethyl ether, 27.9%: Be, 3+40%; Ml, 265. The infrared
spectrum recorded as .anNujol mull showed: 452 ws 472 w3 49U m3 510 w3 570 w3
610 s3 720 m} 5 s,f)r'; 787- m; 806 ms- 835 my 899 m3 990 m; 1023 s; 1062 s,br;
1146: m3 1172 w3 1197 s; 1281 ws. 1447 s} 1483 s3 1#90 syshy 1590 85 1737 w,br;
1797 w,br; 1864 w,br; 1911;0 wybr. The pem.r. spectrum in benzene sclution

shov?ed the following resonances :

Type e fssignment Relative Intensity
Quartet  6055,6962,6+69,6476 o-CipCly 2
Stnglet . 8e25  Beecly 2
Triplet  9029,9+39,9°43 0-ct12cg3" | 3

Pre gira.-t".ion of neo-pentyl (i 3 __,N'-tetramethylethylene-
- o _giemine, |

In one arm of a double Schlenk tube was put (neo-pentyl )ZBa_,OEtz
(0-801 g.,. 3+56 millimoles.), Mey,Be (0+140 g., 3+60 millimoles) end benzene
(10 ml.). On stirring some of the Me,Be dissolved. Then TMED (106 mi.,
7_-13'milli.-xnoles) was added slowly, causing the solution to get warmm. The solution
was filtered and the benzene pumped off to leave a liquid. Pentane (5 mi.)
was added: and pumped off. When there was practically no solvent left the
1iquid crystallised as’ colourless prisms, m.pt. 41°, Found: hydrolysable

methyl., ?.15%; ‘Be, l-&-.25%, hydrolysable neo-—pentyl, 33.2%; M (cryoscopicai]_.y
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'1-,,»0.759_,__1'_76!» wt.$ solution in benzéne) 204, 212. € oHzoBel, requires
hygi,roilyéabié methyl, 711%; ‘hydrolysahle neo-pentyl, 33:7%; Be, .44.275; M,211.
The infrared spectrum recorded ss a Mijol mull showed: 572 wj 583 w 670 s3
72_'9‘ 83 'ﬁm 53 770 w; 803 m3 850 s3 905 vw; 938 !ri: 949 m$-1000 m3; 1024 s3
1042 m5 1053 w3 1096 w; 1113 ms 1120 s; 1162 m3 1173 s3 1188 m3 1215 m;
1233 wi 12‘4-0 'vi, 1278 m; 12814- mij 1346 s; 1405 vws 1445 s3 1471 s; The pem.r.

spectrum in benzene at 30° was as follows:

Type v Assignment Bglativé Inter:__s;{x
Singlet 798 L N-Cly 12
Singlet’ 807 . Nech "
s_i_n'gi'et_ 855 . . (Ch)yCcomBe 9
Singlet 1012 : -_('Z_CH3')3C'C_I’-_I'ZB§ 2
Singlet . 10488 - “GigBe’ 3
The ‘spectrum in ™S at 3o° was &s follows:

e
sge P ko
Deublet . 9:06,79008 "'(6*‘3'53°¢1*23°

Singlet --\-..1o-62 S ...(01{3)3cc_r_laae
‘ Singlet o mess L . CH3-

The spectnm in 'I'MS at -11-0° was as followss: '
Maltiplet Centred at 7°45 N—C§2
bqupigt © 7267, 7470 | : N-CH3
singl,"e.t.- 9:07 | (cna)3ccnzne

Rsaction of Me.,Be NMe, with (neo Jentzl lzBe, 3_
'Ev‘lde'néa for the romﬁpn. of-"né‘o'-_- entyl(methyl)Bo, NMe,.

Some dimethylberyll:mm tr‘lmethylamme was prepared by condensing NMe3
(excess) onto MezBe and subliming the solid that remained after evaporating

the- excess_. The sublimate had a me__lting point of 36°. In benzene solution




the PeliaTe speotmm sh:ows two sing'];e' resonences, one. at 8'15 en‘d.-‘t"lie'
other at 10 59 9 in an e.rea, t-s,t.io of 342, - Ths low field resonsnes is
assigned to the NMe3 protons and the high ﬁelé resonance to the Mo,Be
“protons. o _ —

Solutions in oyclopentane were' prepa.red containing l.) Mszﬂe,NMo . . o
2.) (neo-pentyl )zBs Nde, 3.) an appro:dmately 1+051°0 mola.r ratio. of MezBe,NMe3.
(neo-pentyl)zBe,NMeB, and 4. ) an approxima.tsly 2. 5:1 0 molar ratio of- MezBe,NMe3.
(nsn-pentyl)zBe,NMe3. The p.m.r. spectra of these solutions were taken at or
below room temperatnre Intez-est was dirscted towards the methyl s.nd methylene
g!'oups bonded to beryllium. a R

Chemioal Shifts. a.) 30°

1) MeyBe, I\Me3 CHy-Bo me0 |
2 ) (neo-pentyl) ‘Be, NMe3 o -C}jz-Be 10+05
f3.) 140 1-0 mixture » cu3-aa, 11-02- . -CH=Be 1o-18
- u.) 2-5: 1 0 mixture D :"CHj-Be 1100  <CHyBe 1o 21 S
| | )_160 : coa e |
N
2. ) (neo-pentyl‘)zB@.a,I\lMe3 R S o »--Cyz-Ba 10 Ol& -
" 30) l-.'_(_) 3 l.'-O--;ninture . : c§3:Ba 1099 : '-ng-Bs 10° 05 10.21 R
) 245 4 1-0: mixtare o CﬂS_Ba 11001 <CHBe 10-21 o
el) 40° L |
1.) Me ,Be NMe3 MezBs,NMe3 crysta.llises out of solution.
.2.) (neo-pontyl)zBe NMe3 . o -GHg"Be 10'05
3.) 10 3 1+0 mixture Cy=Ber 11°02 -OHZ-Be 10+06. 1o 21

'4-) 2'5 110 mixture | MepBe, NM°3 crystsllises out of solution.
Rela.tive Intensities. ' L

The methylene resonances of the neo-pentyl groups in the l'O 1.0 mixture
sho@ _-a.-s-i;n,g'le pea_k at roo.m tsnp.era_turo tmic_h‘;change_d to two pesks: on -lowering
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Coordine.tion com ] exes of elk ‘lber llium halides.

the temperature. _ Accura.te area, measurements were ‘earried éut on the CH3-Be
'--C_I-_Iz-Be resonances of:; the l' '1 0 mixture et 30° end ~40°,
Ra.tio of’ CH3-Be to -CIiz-Be et 30° = 1-00 $ 101,
Ratio. of cH3-Be to -cgzna (a.t 10:05 ) to -CH,Be (at 10:21 ) st -uo°
' =100'0°lb-0'87.

Pre' are.tion of Yi60= en't 'l:be llium br.'onide N _N _N'_'-_ N'-tetramet. 1eth_lene- :

' die.mine.

The reaction between LiH and neo-pentylberylliun bromide does not proceed
to give neo-pentylberyllium hydride and lithium bromide. Thus, when this rezce-
tion wes a,ttempted there remeined ¥ solution of neo-pentylberyllium bromide in o
benzene containing a little etber. A portion or the solution containing about _
10 mi]limoles of neo-c HuBeBr was teken e.nd excess TMED (5 ml. ) wos added. .On

_ removel of the solvent a white solid we.s obteined wbich we.s crystellised from

benzene/hexene (1-2) as colourless ple.tes, m.pt. Ol|--6 . Fbund: hydrolysa.ble

: neo-pentyl, 5'6%, Be, 3e 26%. W (cryoscopioally in 0°6'+, 0‘96 wt.ﬂ solution in

benzene) 26'+, 286. 011H37BeN Br. requires hydrolysa.ble neo-pentyl, 25‘7%, Be,
3 26%, M, 276. ’l‘he infrared spectrum reeorded as e, Nujol mull shoWed: ’-&62 m3

' l&82 w, 50 ns. 593 m, 675 83 712 m, 760 w, 800 s, 932 m, 91&5 LH 985 m, 1002 m3

lé?b__m;- 1281-'m, 1311’2 m. 13!&8 m} 1l+00 w3 1!&2’2 Me The p.m.r. spectrum of the

compound in benzens sclution with benzene as the intemel stande__zd__ showed the

foll-_o'yfing resonances at 30'08

_Relgtive_

. m Y  Asgignment  Intensity
Miléiplet Centered at 7-83 N-CE, b
Doublet 7465, 8012 N-CH 12

singlet U7 S (GH;)CCH,Be 9
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Singlet 1002 ( CH3 )BCC_}_lzBe 2
As the temperature wes reised the spectrum chenged, so that at 90°;:

Singlet 776 I\T-C_}_I_3 12
Singlet 796 N-CH, L
Singlet 846 ( cg3 )BCCHzBe 9
Singlet 10°02 CH,~Be 2

Preparation of ethylberyllium bromide N,N,N',N'-tetramethylethylenediamine.
In an attempt to remove the last traces of ether from diethylberyllium,

beryllium bromide was added to the diethylberyllium. After distilling the

~ diethylberyllium ¢hich retained the ether), & residue remeined which was
meinly solid. Benzene (40 ml.) and TED (3 ml.) were added and the solid dis-
solved. Removal of the solvent gave 2 white solid which wes difficult to
erystallise. It was very soluble in benzene but only sparingly soluble in
hexene, The compound was finally crystallised from benzene/hexane as long,
colourless needles, m.pt. 107-9°, Found: hydrolyseble ethyl, 12°?¢; Be, 3°87%;
M (cryscopically in 0+62, 0+92 wt.$ solution in benzene) 221, 228, CBHZIBeNzBr
requires hydrolysable ethyl, 12+4%; Ba, 3°85%; M, 23%. The infrared spectrum
recorded as a Nujol mull showed: 448 w; 477 w; 500 w; 561 m; 598 s;3 657 s;

758 my 781 s3 801 s; 910 ws 942 s; 986 m; 994 m; 1016 s3 1031 m; 1101 w3

1117 m3 1169 w; 1190 m; 1194 m,sh; 1238 m; 1278 s§ 1342 w; 1402 we The pem.r.
spectrum of the compound in benzene solution with benzene as the internal

standard showed the followling resonances at 30°:

) Relative
Type T Assignment Intensity
Multiplet beneath the N-CH3 peaks N-Cllz- - 16
Doublet 7458, 791 t\I-CH3 -
Tr'iplet 8.27’ 8'35’ 8"43 CEB-CHZB 3
Quai‘tat 10.01’ 10.09, 10.17, C!B-CEZBS 2

10-25
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The spectrum chenged on heating so that at 95°;

Singlet 768 N-CH -
=3 16
Singlet 781 N-C.I;Iz- -
Triplet 8+39, 8447, B+55 C§3-CH2B9 3
Quartet 10+06, 10+14, 10+22, CH ~CH_Be 2
10+30 3 =2

Attempted preparation of ethylberyllium chloride N,N,N*,N'-tetramethylethyl-
enediamine,

A solution of BeCl2 (04306 Gey 3°81 millimoles) in ether (15 ml.) was
added to diethylberyllium (0265 G., 380 millimoles) if: benzene, and the clear
solution which resulted was reduced to about 10 ml. To thls solution wes added
TMED (114 ml., 762 millimoles) and the solvent was pumped off leaving a white
solid. Recrystsllisation from benzene/hexsne gave colourless needles. Found:
hydrolysa-ble ethyl, 1(;-4%; Be, 4+83%; €1, 25°0%. CBH21139N201 requires hydro-
lysable ethyl, 15°3%; Be, .4°75%; Cl, 18+7#. The ratio of Et:Be:Cl found wes
0:67:1-00¢1°32. A second recrystallisation led to essentially the same result.
The p.m.r. spectrum of the compound as a solution in benzene showed a doublet
at 7:68 and 7+93 which is due to the Ivl-C_l-_I3 of EtBeGl-.TMED by anslogy with the
bromide a2bove. The ratio of ethyl groups to TMED groups was 1¢0 to 1+7. The
solid appears to be a mixture of EtBeCl.TMED and a TMED complex of Becl2 in

aporoximately & 2:l ratio.

Reaction of neo-pentylberyllium bromide etherate with trimethylamine. Prepera-
tion of di-neo-pentylberyllium trimethylamine,

In an attempt to prepare neo-pentylberyllium bromide trimethylamine, ex-
cess trimethylamine was condensed onto a benzene solution containing about 10
millimoles of peo-pentylberyllium bromide end a little ether. On wamming the
mixture to room temperature, a precipitate was obtained, which dissolved in

benzene at 80° to give on cooling colourless needles. This compound gave no
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neo-pentene on hydrolysis. The filtrate from the resction could not be pumped
dry, so it wos transfered to » distillation npparatus. With the receiver nt
-78° end the heating bath at 50° & colourless liquid distilled at 10~ mm.
pressure. Found: hydrolysable neo-pentyl, 67°4%;Be, 4°324; M, (cryoscopic-
ally in 058, 0°86 wt.% solution in benzene) 203, 197. 013!!31
hydrolysable neo-pentyl, 67°6%; Be, 4°29%; M, 210. The infrared spectrum of the

BeN requires

liquid showed: 512 m3 594 wi 650 m3 719 m3 753 s; 815 m3 871 m3 903 w; 919 w3
947 m3 998 s3 1090 m3; 1097 m3 1121 s3 1231 m3 1238 m; 1349 s; 1375 w3 1401 w3
1445 m; 1463 s; 1476 s, The p.m.r. spectrum as a solution in benzene showed

the following resonances:

Relative
Type I Assigmment Intensity
Singlet . 817 N—CLI3 9
Singlet 8°57 CH )_CCH Be 18
gle 5 ( _3)3 .
Si t oy C CCH Bs L
ngle 9.7 ( H3)3 =,

Resction of neo-pentylberyllium chloride with trimethylamine.
A solution of (g_e_ge-pentyl)zBe.OEtz (02672 Goy 2°99 millimoles) in benzene

(8 ml.) was added to a solution of Bec.lz (0°239 G., 2°99 millimoles) in ether

(10 ml.). A clear solution resultéd which was concentrated to remove most of

the ether. The solution was then frozen and excess NMe3 condensed on. Warming
the mixture to room temperature showed a light precipitate to have been formed.
Excess l\IMe3 was removed and the soluﬁon filtered. A sample of the filtrate

gave on analysis e ratio neo-pentyl: Be ¢ ClL = 1+53: 1°00: 0°42. A pem.r.
-spectrum of the filtrate showed that a considerable quantity of (neo-pentyl )2Bel\IMe3
was present in the solution together with another species containing neo-pentyl
groups bonded to beryllium. In contrast to the bromide, disproportionstion is

not complete.

10, Alkylberyllium alkoxides snd their coordination complexes.
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Preparation of iso-butylteryllium iso-butoxide trimer.

This compound was prepared accidentally during the preparation of di-iso-
butylberyllium, in consequence of a slight lesk during the final distiliation
at reduced pressure. It is a liquid with a boiling point at about 80"/10-'3 mm.
Found: hydrolysable iso-butyl, 42°0%; Be, 6¢57%; M (cryoscopically in 1°83,
lel5, 0496 wt.$ solution in benzene) 417, 429, 424, Czla-Hsb,Be3
hydrolysable iso-butyl, 41°0%; Be, 6-49%; M, 4°17. The p.m.r. spectrum of this

0 3 requires

compound dissolved in benzene shows the following resonances:

Relative

Type d Assignment Intensity
Doublet 597, 6+05 Be~0-CH,-CH- 2
Maltiplets Centred at 7-92 & Be-0-CH,-CH- and 2

8-16 Be~CH,-CH~
Doublets 8+69, 8’73 and Be-0-CH,-CH-(CH,), 12

9+07, 91 -CH,-CH-

’ and Be-CH,~CH-(CH;),
Doublet 9+81, 989 ' Be-CH,-CH- 2
The spectium in cyclopentane shows the following resonences:
Doublet 6206, 6°13 Be-0-~CH ~CH- -
Doublet 10+13, 10°20 Be-CH,-CH-~ -

The infrared spectrum of the liquid is as follows: 657 w; 792 vws 813 vw;
869 m; 895 m; 929 s3; 943 m; 973 s; 1003 s,sh; 1014 s3 1061 m; 1151 vw; 1182 m;
1276 vws 1312 wi 1354 ws 1364 w3 1370 vw3l390 vwi 1459 m; 1463 m,sh.

Preparation of di—fisg-butxlbemllium 1so-butoxide[, N,N,N*,N'-tetremethyl-

ethylenediamine.
To 1°248 g. of BulBeOBul (0.90 millimoles monomer) in benzene (4 ml.)

was added TMED (1°2 ml.,0°95 millimoles) slowly with stirring. The solution
beceme warm but no precipitate was produced. Removal of the solvent left a

white solid which was very soluble in benzene and hexane. White needles were
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Y o
y mepte 71-73 « Found:
hy,dreiysable iso-tutyl, 29° 5%; Be, u'60$§- M (cryoscopically in 1°12, 167 wted

obtained on cooling the hexane s_olut,ioﬁ to -10 - 120

solution in benzene) 374, 397. 022 2 Nzoz.zequii'es 'hydrolys_ab]f.e.'_i'_ie-butyl,
28°9%; Beo, 4*57%; M, 394. The infrared spectrum of the solid as & Nujol mull
showed: 579 w3 599 ws 617 m3 670 w3 765 s; 780 s3 794 s3 849 m3 898 vw; 908 w3
W2 w; 953 m$ 989 w; 1001 w; 1020 m; 1069 s,br; 1106 m; 1130 m;. 1]_.53--w_;-118_b-m;
1210 v 1233 vw; 1300 i‘v;_1335 w3 1350 w3 1360 ws 1372 wysh; 1390 w. The p-.m.zl-.

'spectrum in benzene showed resonarices as follows: :
Relative

Type Y Assignment Intensity
smget 7+86 N-CH;- -
Singlet 797 N-CH_ : -

gl | | N-CH, |
Doublet 6'023, 6°30 N 'B'e-O_-Cle-_- 2
Doublets 8°53, 859 and - """ Be-CH.CH(CH.) iz

8497, 9°03 | Rl Sl Y .
Doublets . 0405, 1011 .- . ao :;'Be-cgz- R 2
Multiplets obscured by TMED ‘Tesonances. OCHZCH( CH3)2 a L -

BsCHZCH( CHB)
Balative intensity of TMED protons plus methine pro‘bons = 10° 5. .

Reaetion of-l-iso;bilt 1eber _llimu: 1_-96_-.1:@6;:1&.; with 1 _"2-&._1me‘__th6x othene.
c=.,..-.t-e;:‘._.de (20023 g-; 146 miliimoles monomer) end
1,2-dimethyoxyethane (0°76 ml., 7°3 millimoles) were-mixed in benzene solution.
No heat was evolved, and a clear selqti_on was.i-‘ormed. A semple of this.solu- -
tion was taken for p.m.r. study. Cmnp‘arison of the spectrum with those of

1, 2-dimethoxyethane and (i-mBeOBu ) in benzene ghowed that greater t.han 95%
of product was in the form of the separate compounds.

b.) BulBeoBe'; DIME = 1:2.

A similer solution :in benzens was mede up, this time conteining two moles
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off l 2-d1methoxyethane for every 1so-buty1bery111um iso-butoxlde monomer. The
_large majority of the mlxture was still 1n the form of the separate species
but-there was evldence;for about‘BO% formation of new products, presumably
'coord1nation complexes. |

Reactlon of :L-BuBeOBu:L w1th trimethylamlne.

Excess trlmethylamine was condensed ‘on to a salutlon of i~butylberyllium
i-butoxide (2:02 g., 1u°5lqillmmoles monomer)a On warming to room temperature
no precipitéte was seen, Thevéxcess»Nmea-was removed .and'then the benzene to
leave a viscoits liquid. A little“benzene was added and a sample of the solution
taken for a pem.r.. study. It was demonstrated by 1oeking at the Be—CHz-

' resonances that in.addition to unreacted (;anBeOBu_j‘)3 there ‘were at least
founfoﬁher species containing.Be-éBui bonds, It-was estimated that in the

3
Reactlon of Mque , TMED w1th methanol.

solution the ratio 1—Buc 1-BuOs NMe, was 1+03 1+0¢ 146, -

o To a- solutlon of MezBe TMED in benzene (0 386 2oy 9 90 m1111moles in 10 ml )
was added methanol (0 boml., 9 90 m1111moles) in benzene (5 ml.). Tne'solution '
became Wgrm and-a gas was evolved. -A,preclpntate}nas produced thsﬁuwould‘not
dissolve in boiling benzene. The precdpitate was filfered'offiand'lhe solvent
removed from'fhe filtrate to give a white solid, Tﬁistolid:ﬁes”}ecf&stellised

from hexane as colourless needles, which analysed correctly for Me_Be, TMED and

2
had a meltlng polnt of 80-81°, The p.m,r, spectrum of Meése.TMED in benzene
was as follows: |
. : Relative
Type T Assigrment . Intensity

Singlet 7499 - 1\1.--<:.H3 | 6
Singlet 811 N-CH, 2
Singlet . 10+80 Chy-Be : 3

Reaction of dimethylberyllium with tertiary butanol in a 3ib ratio,
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Pro aration'of__Me Be (0 om’_""-

t—mtanol (1'60 ml., 17'0 millimoles) d:lssolved in benzene ( 5 ml.) ves

added slowly with stirnng to a susnension of Me Bo (0°496 g., 12¢ 7 mill‘,lmoles)
in benzene (10 ml.) The mixture beceme warm vand & gas was evolved. Removal
of the solvent 1eft e wh:l.te solid which was crysta.‘llised from hexane as colour-
less plates, m.pt. 188°, F_eunds hydrolyseble methyl, 8'65%, Bay ?~66$, M (cryo-
seopically in 0433, 0°50 wt.% sadﬁon in benzene) 320, 358. (Low mmsmg_y
restrj.cted the M.Wt. detemina.tion to very dilte ‘solution). (11.8%2333 requires
hydrolyse.ble methyl, 8'60$, Ba, 7-7145. M, 3u9 The. infrared spéctrum. recorded
as & Nu:]ol mull shewed: 11-89 w, -588%1. 568 m3 7711-'-.103 836 s3 9-08_.1;1;'.-_9'55., 'B.},_bz.';
1052 w. 1194 s, 1232 m,_ 1248 3 1358 83 1383 m; ' The p.m.r. spectrum in. beimene
8 showed a singlet at 8* 60 and a singlet at 1.0‘1&1 with an ares ratio of 6 1.

_ The eompound could be recovered unchenged from solutions conta.tning excess 'IMED

mn. c:oomination c_glexes of_a.1 "; '1be_ :" 111um hydrides.

pentylberylliun hydride) <N,N -."_'-‘,.vl\'l'-tetrameth' lethl"lene-
. BT L e diamine.
'l‘o a solut:lon in- ether/benzene containing BeBr (1' 553 8es 9'20 millimoles)
wand (nee-pentyl )ZBSOEt (2 70- goy 920 mﬂlmoles) was added NaBHEt. (13 ml.
°u2M solution in hexsne) ‘The precipitate of uacn the.t. was: produced wa.s ﬂl—

torsd off 1 euv.mg a mear, ‘colourless so.l.ut.ion. ™ED (2-40 ml., 188 millimoles)
wasthen edded slowly with stirring. E\raporat:l-.qn of the solvent left =z white
solid _whic,h_ wes recrystallised from hexene as colourless plates, m_._p_t_- ié3-125°.
Founds : '-iily-drolysable hydrogen, 0°72%; 'hydl'elysé,ble m.-pehtyl, 50°1%; -ABe', 6°45%;
M (eryoscopleally in 0°75, 113 wt.$ solution in benzene) 261, 267. - &6336392“2
'#e@i'r‘es hydreiyeaﬁe k\vdrogen, '0°72$; hy&mlyseble neo-pentyl, 51°1%; Be, 6;1;8%';
M, é?&. The infrered speetrum recozded as & Nujol. mu11 showed 665 ﬁ; '683 w3
731 vw, 779 W, 803 mj. 895 ms 923 835’ 990 ms 998 m,sh, 1007 m 1013 m. 1029 w3
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1060 vw 1080 w5 1093 L H 1123 mg 1149 vw, 1172 w, 1213 m§ 1229 m3- 1261 m,sh,

1295 s,br’ 1330 sh,m, 13&5 s' 1350 ‘seshe The PelleXs spectrum :I.n benzene showed :
the f-ollowing roson‘anc_es at 30°= |

N - , Rélativb
Iype - | P Asslgnment Intensity
‘Miltiplet  Centred at 8+07 . N-CH and . 8
- - 1\1-cu3
Singlet 840 g (cu, ). cc:H2 “Be 10
Singlet - ‘Broad;. centredet (c )..CCH, -Be 2
9eblty 15 cycles wide | t 3 L a

at hs.lf hbight. : :
At 60° and'80° the -cn -Be resonsnces are. sherpér, the widths ot nelf height
bei.ng about 4. e.p.s. 1n etch- case. C
Fomation of neo-pentylberyllium hydxd.,de by the rea,ct:lon between neo-
pentylberyllium bromide and lithium hydr.ld,e does not take place. :

12, Reac’tions between dmlquihejy_lium comglexes and alg‘p:es.

. The reactlon between EtZBeTMED and- 'hel v lacet .1ene.

The results of a series of sma]l scale sealed fube reactions 1nvolv:mg
phenylacetylene and Et Be TMED are summarlsed in the table below. Fost of the |

’ react:lons were earried out in benzene SOlut:l.on and the concentratn.ons are those
-1

of EtzBe TMED :|.n moles litre . The solutions wWere a very pale yellow at the
end’ of their react1ons. : h .
Reactdon Tine Gone, $Ethane % Btharie formed
Thrs. ) ﬁ .produced . on hydrolysis -
EtzBeTMED + PhC=CH 2l 1 18 - 82 -
EtzBaTMED + PhCECH % 60 12 3 R XY
B, BoTED + PhC—CH' 96 80 10 39 59
5 g No sol- . ot
thne'rmn + pnc—cn : 24 | 60 vort 28 69+5
EtZBATME‘D + 2Phc:CH 96 60 .1+0 40+5 58
Et,BeTMED + ZPECECH 96 B0 .10 .. ST 46
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A la.rge scale- sealed-tube reaction was also carried out, usrlng Et Be: ‘I‘MED '
(6+14 millimoles) and PhC’CH (12628 mﬂlli.molee) in benzene (’+ ml. ). for 24 days
at 80°, The tube was opened in a glove box and the oon'bents_ tre;_ns_fe_red ‘to-a
double-1inbed Schlenk tube, Removal of solvent from the yelléw dolation 1t
asolidwhlch was cz'-y'st.'a;llised from benzene/hexans as colourless ne'edies m.pt.
168 The i.r, spectrum was iden‘bica.l with that of (PhC—C)zBe TMED. Yield :
1e '+2 2Me, 69%

Reaction of EtEBe 'I‘MED w:\.th met ylacet .lene.
| A small scale: eealed-tube reaction was carried out using a R 3M solution
of Et Be 'I‘MED at 60 for 96 hours to g:l.ve a‘t the erd of that t:l.me a yellow :

. solutlon. Resultsn '

| ‘Re_a;c‘t.ants, (Nces.)r Et<Be . Be.  MeCECH
a - 27 - 635 - 635 . -
Products,(Nccs.)l Ethane - .. MeC':'CH ”Ef,hane fornEd B M'eCECH ‘ formed
. . A on hydrolysis " on 'hyﬂrolysis
305 - 135 3 10'_3"' 6340 50

A little’ pentane was used to extract atw other organ:xc products’ firom the hydro-
lys:Ls m:xture.. A sample of this solutlon was shown by g.l.c. to conta:m at
least five compounds other than pentane .and benzene. .

Eégctip};. of E{Q'aé,n-:’m' with 2-Butyre.

-In '-sealed-tube,- a.lM solution of Et Be , TMED (2-- 97 mill:l.moles) in benzene
and—z-butyne (66 5N ces., 2+97 millimoles) were heated for 122 hours at 70 .
At the end of that t:hne 66 2 N ces. of 2-butyne were recovered, No reaction
ha.s taken place,

_ Reaction of Et BeJ]l’Ie3 m.th phenxlaoetxlene.

I\m small scalo roactions were eonductnd Tho reaetion solutions, initia]J,y -

colourless, went deep red dur:mg the coursa of the react:.on.




Rosotion  Pime Temp. Conce. ‘ % Ethane '_iEthane formed

EEE zbre.) ) . T produced - .on hydrolysis
Bt,Be N0, + PhC=CH 9% 60 1 37 S 13
EtzBef,'m'IeB + PhC=CH . 96 80 0:9 38 29

React:.on of Et2B9| 3 with Z-butzt_ae.
A sealed-tube reaotion was. cayried out using a 1M solution of EtzBe.NMe

- 3
Q(2°83 millimoles) in benzene with Z-butyne (2-83 millimoles, 63 5N ccs.) for

122 hours at 7o° At the end of that time 62° 9 N ces. of 2-butyne w_ere reco-

vered. No reaction- has te.ke_n place.

13. Reactions of alkylberyll &dride complexes w:.th alkynes.
Reaction of (EtBeH Bt ,), With 2-bugxg_ '

On to a solution oontainlng (EtBeH OEt ) (11 9 millimoles of monomer) in
) benzene (12 ml ) was condensed 2—butyne (260 N ccs., 11 6 m:l.llimoles) e.nd the
'.;mixture was heated at 70° for 11 days The reaction solution went pale yellow
8 in’ colour. No remaining. Z-butyne could be detected. A sa.mple of the solut.'lon
‘showsd on hydrolvsis 8 ratio Et:BeaH _.0-80: l 00| 0 29. No- further compounds
having a significant vapour pressure at -LO wera obtained from the hydrolysis
products. Pentane was added to the }Wdrol,ysis mixbure to extraot any organic '
material, Gas—liouid ohroma.‘hnnrrnphy qhnued +he présarnce of -:,t least Pour p

ducts .

Reactn.on of. .MeBeH o )2 with 2-butyme.

N - 'I!he reaction was carr:xed out on a small scalc botwesn 2--butyne and .

(Me_BeH.NMeB)z'for 122 hours at 70 Both 2-butyne and MeBeH, leea-monomer were

1 molar in benzene solution. The solution was yellow at the end ‘of the reaction.

Reactants ’ (._N_'cos): MeC—CFe 1053 Be 105, hydrolysable hydrogen 105; hydrolsable
m_et_lﬁl'ldS: I\lMe3 105. ' .
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Products, (N ccs): . Unreacted MeCSCle 25. free e 22; MeZBeNMe 5 28.5,
Products by hydrolysis, (N ccs)z Methane + hydrogen 72; trans-2—butene 32;
unidentified gas 6 berylllum 7345. .
The ratio of methane:hydrogen was estimated from isri=intensities: tohbetabout
50120, The remaining mixture from hydrolysls was extracted with pentane (2 ml,)
and the pentane solutionﬂanalysed'hy'g.l.o. Five major peaks and at least
three minor peaks that were not pentane or benzene were observed Some of the
peaks were so long coming off the column that they must have been due to
1010-014 hydrocarbons, which themselves were probably the resnlt of some poly-

merisation during thevreaction;',hpihexemethylbenzene was produced.

Reaction of "'(E’tBeH,NMe'j_)_z with 2-butyne.

Aféinilaf reaction to that above for (MeBeH,NMe ) was'carried out using
(EtBeH,NMeB)Z. The solution was pale yellow after reaction. ,
'Reaotents; (N ccs)a MeC-CMe 64-5, Be 64+5; hydrolysable-hydrogen;64?5;

- 64' -o | :
3 5

Products, (N.ceés.): Unreactéd MeCSCMe 14; free Nte 2,

hydrolysable methyl 64+5; Nite

Prodnots by hydnolysis. (N cos)l hydrogen 26 *5; ethane 31+5; trans-Z-butyne
7 5, unidentified gas 3¢5; Be 61s 5.
Analysis as above for other organic produots from the hydrolysis by‘étl.c.
showedia pattern_similar-to but by no meens the same as that for the methyl-
oeryllium hydride trimeth&lamine reaction, In particulan'tnére were two major

products which were not present in the products of the previous reection.

Reaction of'(MeBeH,NMej); with PhC=CPh and PhCECMe followed by n.m.r,
; > UL
- pectrosoogx
Benzene solutlons one molar in MeBeH NMe3 monomer and one molar in PhC=CPh

or PhC—CMe were prepared and the reactions followed by changes in the p.m.r.

spectra of the solutions at 30 « In both cases, the changes of MNe3 resonances
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showed that the reaction was complicated, and that the reaction only involved

groups attached to beryllium to a very small extent.
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Discussion

Coordination complexesvofﬂdiphenylethygxlperillium.

A oumber of these coordinotion complexes have been prepared and they are

listed in Table I below. Wiﬁﬂ monodentate-ligands, complexes of both the l:l
end the 112 types have been found, while the complexes with chelating ligands
are all of the 1l:l type.
Preparation. The starting materials for the preparations were diphenylethynl-
beryllium diethyl etherate (A) or diphenylethynylberyllium bis~tetrahydrofuran
(B) which yeremprépared.by the following sequence of reactions;

PhC=CH  + RLi —=—3  PhCZCLi '+ HH (R=Me ,Bu™)

2PhC=cId  + Becl,  SERSY (PrC=C), B, Bt (A) O

_ _ 2
(Phc-:-c:).2_139,02:1-,2 +  THF (excess) -,-"-'--9 (PhCEC)zBe_(THF)Z (B)

'Properties; Al of the cdﬁplexes-so’far'examined are solids., Many of-fhem
r'have high melting points and many decompose at or before the meltlng point,
They are all colourless 1nc1ud1ng the bis-pyridine -and b1pyr1dyl complexes.
The fact that (PhC—C) Be blpy is the first organoberyllium b1pyr1dyl complex
-which does. not have an absorpt1on in the v151ble region reflects the large -
lelectron-withdrawing capacity of the_phenylethynyl group, There is a-much
llower solobility in hydrocarbon solvents for these complexes.compared with
similar complexes of beryllium dialkyls. In saturated hydrocarbon solventS'
they‘are all practically insoluble.end in aromatic hydrocarbons only a few are
solpble to any extent, J

Those soluble enough to allow cryoscopic molecular weight measurement in

benzene have-beep foﬁpd to be monomeric with the exception of (PhCEC)zBe,OEt2

which was found to have a degree of ‘association between one and two.




Tabie I

.Comp_ound M.Pt. (°C). sbl_gpi_ngy. in  Degree of  Y.CC,

' R s - benzene (25°) association (cms )
__(gric'sc')znga.frmn © 168-170 Fairly soluble 1 - a
(FosC) Boybipy  295:302(a) - Insoluble ] .
| (PhCEC)zBe.DME 1190(d) . Insoluble - a
(PhC=C -)ZE'(THF-)Z _ 138-1'{0@) Soluble 1 | a
(PhC;C )2Be (Py)z 226-230(d) Ins olub;l.e - a
(_?pc;c_)zae.(nmé)z 195-200(d) Insoluble - a
(PKCEC), Bo (NilMe,),  151-153 - Insoluble- . a
(PhC-:_‘-éC.)z.B? SNHzMe ) 2 86-87¢ Sparingly - 2106 A

L . solubleé .
(PhC=C) 2Be_.(l_\méph)2 No m.pt. - Insoluble - 2114 v
'(élic;;C-)vziae',bEfz- - ::1490;51(d).- -S_d?.l‘lble' 1.5-1.8° 2105 m
(PHCEC),Bo,Mbo,  186-188(d) . Sparingly - 2085m
: 2 . :soluble .
(phc'sc.)'ZBequtB" 102106 . Soluble 1 2090m
a=-no é.bsqfﬁf.i;n mreg:l.on 1800-2500. cms™t
b--see page 57
. Table II,
- ~Compound M.Pt.(°C)  Solubility sn  Degresof YOI -
. ' ' ' " benzene association (cms—+)
-'(i«'a_éqf:cﬁ)-z;ae,MD 198-201 Insoluble - 2128 w
(MBCEC)ZBe ('rul-')z Not recorded Soluble 1 2137 w
(-Me(l:'r‘!é.) éBa (NMe 3)2 I\-Io.' m.pt. Insoluble - 2i23 w

95
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Recalliﬁg the known ability of the phenylethynyl group to act as a bridg-
ing group the complex is thought to have structure (XXVIII) but to be somewhate
dissociated in solution, It is also importent to realise that this compound
crystallises as the 131 complex.' In view of the known ability of diphenyl-

heryilium to form a 112 complex with

| L Ph
diethyl ether, there should be no X [+ _
. . c\ oc ~. L/’OEtz
steric difficulties to the forma- Be:‘r ",:Be ' _ ,
: B o” VG Ne (XXVIII)
tion of the 1i12 complex in this case 2 9_ e
Ph “Ph

also, It therefore seems very likely

that the- complex crystallises as the dimer and that d1ethy1 ether is not’

‘sufficient#y strong a base to break the bridge bond., This being the case it

is hard ‘to understand the observed dissociation in benzene. The triethylamine
coﬁplex,'(PhCEC) BeNEtB. is a monomer; this ie‘not unexpected considering the
large steric requlrements of the amine. Many of the compleﬁes.showed no bands
in their 1nfrared spectra in the region expected for C=C stretching. By far

the strongest and sharpeet C=C stretching frequehcy absorptlons were observed

'for the.l:l'compleges with monodentate ligands;

It can be seen from the results that replacement of -alkyl groups. by phenyl-

-ethynl groups has greatly incpeased the acceptor strength of the beryllium atom.

This. is exerplified by (PhCEC)éﬁe(NMbj)z rhich, unlike its dialkylberyllium
or diphenylberyllium anaiogues3 has negligab;e dissociation pressure of tri-
ﬁethylaﬁihe at rooh tehperature._ Vigorops conditions (90-100°/1Q-? ﬁm Hg.j
ere recuired to remove one molecule of trimethylamihe from the compiex, (?5).
A comblnatlon of the 1ncreased electronegativity and the decreased steric

(PhC_C) Be(NMe) — (PhC:G).Be,NMe + NMe (75)

32 T T 3

reqﬁirements'of the phenylethyﬂyi group give rise to this change in acceptor

' strength.




| The stahili'ty ofﬂ' the cionple:;es towards décomposition at rooifi-'tenperature _
varies consi'derably. The diethyl etherate -was by far the most unstable, turn~
ing yellow both in solution and in the solid state within a few days.

. For the alky_-nyl deriﬁrativ‘es o‘f the most electropositive metals _(Li.. ':N_a-,
Mg) compared with the alkyl derivatives, it is observed that despite the in-
creased accessibility of reagents to the metal-carbon bonds and the. increased
polarity -of the metal-carbon bonds due to the’ ohange from s _2 hybridised car— )
bon to s _p lwbridised carbon, there is a decrease in nucleophilic reactivity
This is thought to be because - the negative charge may be delocalised over at
least two carbon atoms, thus reducing the bond po].arity and hence, the reactiv-
ity. Recent evidence in. the case of alum:m:.um alkynyls- Suggests that this i5 .

not true in this case also.226’92

The alkynyl g’roups-.-'of .NMI(CECR‘) are 'much
‘. more reactive towards reagents such as aldelwdes, alcohols and earbon’ diox:ude,
’_than the allqyl groups of NaAlRu. Also it is ‘found that in -the reactions cf
NaA].Rz (C=CR') or AlR (C’CR') with these reagents, 1% is exclusively the alky-

‘ nyl-alum:’mium bond which reacts. Apparently for the more covalently bonded
. organometallics, the effect of :anreaSed bond polarity due to the hybrisation ‘
| change- (s _E carbon to s _p carbon) is’ greater than the effest of delocalisation
b_ of the negat:.ve charge. - L

" The e’vidence‘ as it stands fof--'her\r'i'l-inﬁ' is that there 1s a ’decreased reac

tivity when changing from al!ql-beryllium to allqmyl-beryllium compounds as
is demonstrated by the preference of dipherwletlwrwlberyllium to form bis-am:mo
adducts with methylamine and aniline rather than react by eliminati'on of phenyl-
acetylene. Heat:l.ng at 60-80° is necessary for (PhC=C) Be(NHZMe) “to begin

'elim:.nating phenylacetylene, whereas the reaction between Me Be and MeNH to.

2°
give methane begins at about -90°.. If it proves possible to prepare compounds

of the type MZRZBe (C-CR') ‘or RBec—GR', as complexed or uncomplexed speoies.
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interesting comparisons with the aluminium reactions mentioned above might be
carried out. As is discussed later the isolation of RBeC=CR® complexes is
very likely to be prohibited by their tendency to disproportionate.

Dialkynylzine compounds appear to act in a similar way to the beryllium
compounds, Complexes of Zn(CECH)2 and Zn(C:-'.CPh)2 with ammonia have been iso-
lated, whereas dialkylzinc compounds would react rapidly with ammonia. A com-
plex of (PhCEC)ZBe with ammonia is not stable enough at room temperature to be
isolated.

On addition of diphenylamine to (PhC:-‘-'C)ZBe(THF)2 in benzene solution, the
originally pale-yellow solution turns green. Warming causes the colour to
disappear leaving a pale-~yellow solution, but on cooling the colour returns.
No explanation for this behavior is suggested. Only (PhC‘-'-C)zBe(THF)2 could be

isolated from the reaction mixture.

Coordination complexes of dimethylethynylberyllium.

Employing methods similar to those outlined for diphenylethynylberyllium,
a few of these complexes have been prepared. Table II contains a summary of
their properties. Thér bis-tetrahydrofuran and bis~trimethylamine complexes
have very similar properties to the diphenylethynpiberyllium complexes, but
the complex formed with TMED is much less soluble in benzene at room tempera-
ture than (PhCEC)ZBe,TMED and crystallises from hot benzene witha molecule of
benzene for each molecule of the complex. Sublimation of the complex removes
the benzene.

The attempted sublimation of the complex, (MeCEC)ZBe(NM93)2 causes consid~-
erable decomposition. When high temperatures (110°) are employed, a small
quantity of sublimate is obtained for which analysis indicates that some of the

trimethylamine has been removed, but not to the extent of one molecule per
beryllium,
When a solution containing dimethylethynyl beryllium in a mixed ether/
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hydrocarbon solvent is concentrated, at very low volume a solid appears. If
the solid is not pumped absoiutely dry, it is very soluble in benzens, brut in=.
soluble in hexane, When it is filtered and pumped dry (30 mins.) then the solid
is no Ionger ooxr_xpletely soluble in benzene and analysis shows the oompound to
be (MeC—EC )'Z'Be(OEté)D.37. After the solid he.s__ been pumped for 18 hours a-t.
25°:/1o"'3 mi. it analyses as '(Mec=c) Bo(GEt, ) s and 50 it is clear that ether
may be removed from d:metlwlethyrwlberylllum ether complex by pumping. T_imis
latter solid was extremely reactive ‘towards 2-methoxyetha.nol at -60° y giving
large quantitdes of carbon, and was insoluble in benzene. Its infrared spectrum
recorded as a Nujol rmll Was_ very simple. From these observations it is reason-
able to coric-lude that the oor’npound dimethylethynylberyllium is probably a poly-
mer w1th electron-defic1ent methyletl'wmrl bridges similar to the polymer:.c
structure proposed for (PhC—C) Zn and (PhC=C) Cd,65 (XXIX)
N :;e : m |
N, / \
/ "“@ucﬁ‘:ﬂ’ \
Me B (’:'

(XXIX)

Coordination complexes of ﬁhe'nvi_lﬁet-}wnvl(:me:bhyl)ber_vllimn.

In an attempt to prepare oomplexes of the ty'pe',' _PhC=CBeMs, TﬁF'and
Phc=CBeMe,NEt3, whlch it was thought mn.ght contain bridging phenylethymrl
groups, the f‘ollowlnn' reactio'F were carried out,

a) addition of (PhC=§=)zBe(_TI{F‘)'2. m_-'b_e‘nzene solution to solid Me,Be. in
a 11l ratio, and S S | |

h) addition of MezB'e._,NEt3 to (PHCéC)zBe,_,?N_Et} .in,___a__l_l.:l ratio in toluene

solution,
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. After stirring for about. an hour at room temperature the d1methy1-
beryldium dlSSOlVBd in the benzene solution of (PhC'C)zBe(THF) giving a
clear solutlon but removal of solvent only produced the start1ng materlals.
The-second reectlon also led to,the_recovery of starting materials. Tt
was not ascertained whether.thevm;xeo specjesfwas.formed in solution or not.
These results indicate that the tondency to_form dinherwlethynylbez-yilium
complexes.is very strong:énd_eo;ét unlikelv tﬁét_alkyl(pheny}ethynyl);’

beryllium complexes can be isolated. -

Anionic'compiexes.

From either:.the 111 or the 2il reactione-between PhC=CLi and
(PhC;C)ZBe(THF)z, the compound LizBe(CECPh)u is produced., It nes no melting
point, is uncomplexed with tetrahydrofuran and_is.insoluble in hydroCarbon
solvents. Soné difficulty is observed in isolating the comnound an& this
is probably because of the difficulty in removing the tetrahydrofuran from
ooord1nation positions abont the berylllum. Most probably the structure is

analogous to the ionic LizBeMeu; aithough the relative sizes of the .anion and ¢

cations would imply a muoh'decreased lattice'energ&.

Coordinetion cpmnieieefof1£nen&iethvnyieeryllium<chloride.

The following preparative routesvwere_nsed in an- attempt to prepare
phenviethynylberyllium chloriée complexes.,
a) PRCECLi + BeCl, in ether. |
b) (PhC-'_-'C)ZBe(THF) + BeCl,  in THP.
Method a). produced an impure solrd analysing PhC=Cs BesCl = 1.1231.00: 0?65,

while method b). gave a solid, m.pt. 85-87° with an analysis PhC=CiBe;C1:THF

1'01:1-0011-9531-?5 , which is thought to be a mixture of PhC=CBeCl,THF

and'PhCECﬁ§€1(THF)2’ This solid could not be crystallised so excess
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pyridine’Was added to try to form a ¢rystallisable complex. An insoluble
compeund was isolated which analysis indicated to be a mixture of products.
Later,results presented here would indicate that the use of beryllium
bromide instead of beryllium chloride and the use of a chelating ligand

would increase the chance of obtaining a pure product.

Reactions of diphenyleth&nyltéryllium comtlexes-with alcohols and_thiols,
Complexes‘of?alkmléer&llium-alkeiiéeééwltﬁ-&lethyl ether and tetrahydr—
furan. are known and they are monomerlc or sllghtly associated in benzene,
An equ111br1um 1nvolv1ng complexed and uncomplexed species is thought to be
present in the solut1on (see- page 25)
-+ The reaction of (PhC =C) Be(THF) with 1 equlvalent of t-butanol or
' phenol takes place readlly at Foom temperature to produce the complexes
PhC—CBeOBut,THF and PhC-CBeOPh THF. Cryoscoplc molecular weight measurements !
in benzene 1nd1cated that the complexes had - degrees of association between
one and two. It therefore'agpears_that there is a mixture of speécies in the
solmtién,. Uncempleied PhCECBeoﬁﬁt cannot be present in solutions of - |
PhC;CBeOBut.lHF'because this is a very insoluble compeund._so it mast be

that there is a monomer-dimer equilibrium (76).

G
OR e R THF
2 PHC=C-Bo - \Be "'b\‘ "/ (76)
& . =20 - = - b ]
N 7 “‘Qoﬂ” N\
THF THF R Ca
t . Cc\

The molecular weights, particularly that of PhCECBeOBut,THF , may not be
particularly accurate owing to the limited solubility of the complexes in
benaene.

The 1tl reaction with methanol resulted in the formation of insoluble
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N -

beryllium methoxide, (7%); B
(PHCZC),Bo(THF), + -MeOH —. 4Ba(OMe), + $(PhCEC),Be(THF), (77)

Two ﬁnéomplexed phenylethynylberyllium t-butoxides have been prepared
from t-butanol and diphenylethynylberyllium complexes. The first,
PhCECBeOBn%, may be obtained from the reaction in a 1:l ratio between
either '(PhCEc)ZBe_,_I\_IEt-B or (Phcsc)z-_iae,OEtz
remarkable=stability:fowards.hydrolysis, being insoluble in and unaffected

and t-butanol. It has a

by'zn' H,50, stou/MeOH', Naou/Eth'ar acetic acid, However it does dissolve
in warm concentirated nitric acid. The reason for this behaviour is not fully

understood. A somewhat similar effect is observed fér the RzAlOR' compounds,

where a greater resistance to oxygen, water and acids is .observed as the

size of R, and particulafly the size of R', are increased. Thus

'('Mez;goc:R.:hB_)2

is insoluble in dilute hydro¢hloric acid, (see reference 1, page
308). A polymeric sﬁructure ihvolVing:ﬁﬁbutoxide bridges seems the most

likely of the possible structures for PhC=CBeOBut and it is possible that
the. beryllium afoms_are.partiqulariy welllﬁrbtected~£:om'the-attack of

reagents such as H30+-and OH™ in such a po1ymér,'(XXX)1

" Ph

(XXX)

Another alkoxide, (PhCEC)ZBeB(OBut)b, can be obtained in small yield

from the reaction of (PhCEC)zBe,NEt3 with t-butanol 4in a 314 ratio, (78).

f@’ﬁ‘ghﬁ“\,' :
" 2 O FER fory

i,
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3(PHC=C) Bo,NEt, + UBuPOH ——— (PHCZC),Bo(OB®), + UPHCZCH (78)
. t - t

(PHORC),Be,0Bt, + 2(Mab0),Be ——3 (PhCEC),Bo (0BU®), (79)

The structure of this compound is almost certainly analogous to that of

C12Be3(OBut)4 227'228, containing bridging oxygen atoms and terminal alkynyl
groups, (XXXI). Much better yields of the compound may be obtained when it
is prepared using beryllium t-butoxide, {79). It is the only phenylethynyl-

beryllium compound so far prepared which has significant solubility in hexane.

Bat
But 0.
0., 7 :
Ph~C=C-Be [ "*Be ‘Be~C=C~Ph (XXXT)
. "y 0 " . L -
But to
But

When t-butanethiol is heated at’:50° with (PhCEC)ZBe(THF)Z for an hour,
elimination of phenylacetylene takes place to leave PhCECBeSBut,THF. This
compound is more soluble in benzene than its oxygen counterpart and is dimeric.
It is reasonable to presume that bridging through sulphur will be preferred to
bridging through the alkyne and that the compound will therefore have struc-
ture (XXXII).

t /fl'l.l
Bu %C
THF awr S T C
Na e ha BN -~
Be” Be (XXXIT)
&£ - s “"t ™ THF
~C Bu

The reactions of ethylberyllium t-butylsulphide, (EtBeSBut)u. with
tetrahydrofuran and pyridine led to the conclusion that an equilibrium (80)
was present which lay predominantly to the right for tetrahydrofuran and to

the left for pyridine 162.
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. t '
{Et Bu! L

. Bt
N\ .
3 799:: :: | = Be-shut  &=5  i(BtBesBY), + L
P . - * .
e e : | (80)

In the preserit case, the comparable equ111br1um lies predominantly to the _

léft. _ o
Thiophenol d1d not g1ve a: pure compound after reactlon with (PhCmC) Be(THF)z. 4

- Table IIT contalns a. summary of the alkoxldes and alkylsulphldes studled

Table ITI
Compound . {M;Pt." ‘ Sblﬁbii&fi? '! f ;Deégee‘of =
' : » 'QUCS in benzene‘ association. ems—1
PhC=CBeOBuY, THF No m.pt.” Sparingly - Le2-15% b
S 2 : _<-soluble : o
PhCECBoOPh, THF - 203-206 . Fairly 1e6-172 ¥
: (dec) Soluble ‘ :
(PhCC),Beq(0Ba®), - 212 Soluble . =~ . 1 - 2131 w
PhC=CBOB® No m.pt.  Insoluble - . 2218w
--(PhQ%CBesBﬁtTTﬁF)é? 150-155  Soluble - - - - -2~ - <2118 vu

(dec)

a--see page 70

b--no absorptlon in region 1800-2500 cms’ -1,

Cbordina@ign-complexes of beryllium dialkyls,

A numbe? of previously unknown coordination complexes of befyllium dialkyls
have ?een;prepﬁred during the course of this work, Data for them is QOilectéd
in Table Iv; Dimethylberyllium triethylamine was prapaigd as part of an at-

tempt to isblate PhCEC(Mé)Be,NEtB, while the etherates of diﬁggéfpentylberylliﬁm-- .
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and di-benzylberyllium were prepared as part of an attempt to prepare ether-
free di-neo-pentylberyllium and di-benzylberyllium. It is particular}y dif-
ficult to remove the ether from these compounds., The p.m.r. spectrum of di-
bengylberyllium diethyl etherate is noteworthy because of the very low field

chemical shift (8:257T) of the C§2-Be protons.

Table IV
Compound ) State M.Pt. (°C) Degree of association

B.Pt., (°C/mm) in benzene

Mo, Bo, NEt., 114quid 25/10~2 1
. -3

(ggngSHll)zBe,QEtz liquid 30/10 i 1
(gggfcsﬂll)zﬂe,NMbﬁn liquid/ 50/10 1 )
(neo~C sty )2Be ,TMED  solid 78-80 1
(henzyl)zBe,QEtz_ solid 50-51 1
gggrc5ﬂllBeMe,TMED solid A 1

Complexes of group II metal dialkyls where the alkyl groups are different
have not previously been described, although a number of uncomplexed zinc and

mercury mixed dialkyls are known. Tt was thov

t using the simple n.m,r.

[4]

spectra of the methyl and neo~pentyl groupsinformation on whether such species
are ﬁresent or not in hydrocarbon solution might be forthcoming. In addition,
whilé noting thatithd use of TMED as the complexing agent enabled the isolation
of crystalline alkylberyllium bromide complexes, it was thought that this would
be a good ligand to try for isolation of a mixed dialkylberyllium species.,

A 13l mixture of di-neo-pentylberyllium diethyl etherate and dimethylberyl-

lium in reaction with 2 equivalents of TMED produces a sharp melting crystalline




solid which is extremely soluble in hydrocarbon solvents. The --evide'nce for

this being a single complex, neo-c (Me )Be TMED rather than a mixture- o:E'

’5. 11
Me Be, TMED with (neo-pentyl) Be TMED comes from pem.r, studies.

In benzene solution, the following resonances are observed at room témp~

erature:
Compound Cg_B-Be Cl!_z-Be : _(Cga-)acc C§'3-N | nge-N
- Mo, B, THED 120080 = e 7099 &m0
(meo-Pentyl),Be,MED =< 92 Buly 8:00 817
m-_lge_ntleeMé.TlﬁD_ '10{88. - 1’6-‘-1—_2 855 7*98 - 807

The chemical shifts of theLC_l!aBe and the --CH_2 Be in the mixed sPecies are sig-
nificantly different to those oi‘ the component species.

More- convincing evidence comes from the low temperature studies oi‘ the
_'mixed species in TS, ‘On cooling from +30° to -ll-5 the TMED reSonances change'_.__-__'-._
'considerably. The data are given on page 79 and the spectra are: shown on
page. 107‘. For a oomplex, neod-pentyl(methyl)Be,TMED, with a plane.r TMED group
'there should be two env1romnents— for N—CI;I3 groups and two environments for
, N---(:LI2 groups, depending on whether ‘they are- above or below the pla.ne described"

by the N-C-C-N of tho ligand. In the diagram (% ""'I) be‘low, m-bn3 grogge_ |

‘labelled _(e)'
a
CH. '
3\ s P
. ;-“/’3 \CH .-,C: .
RS g oo
(CH3)5CCHS “CHy




N-CH,

30° N-CH,

-40°

CH;BG NEo -~ CS H“ )

TMED

Cuy), C

107
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“gre m-'a'-aifrezfégxt Survirormnit fram those labslled (b) because of the differ-
ent ailqr‘l-_;groups bonded 't-o_ bery]_‘lium. While there are s_-ingle ‘resonances for
the, N—C% and N-ng at room temperature, 'cooling_"__to -45.? | produces - the expec_'ted
t-doublet for n—c:_g3 and a mﬂ.tiplet for N-CH,. Sinee ‘the difference between a _
methyl group e.ttached to beryllium and a methylene group "attached to beryllium
is not great, the. chemical shift difference between the resonances of the '
N-(:L-I_3 doublet is net grea-t -(@ 3 'cps) ' At room’ temper-a-ture a -proce'ss te.-kes
place whereby the I\T-C!_{3 protons and the l\I-CLI2 protons are no longer split.
This prooess is most likely one involving the break:.ng of Be-N bonds folowed
by inversion -at the free. nitrogen. The (CH ) C group :I.S split into a. doublet
(J=2 cps.) at room temperature, an observation for which no expla.nation is
'offered. | |

 The. trmet}vlam:.ne complex, (neo-pentyl) Be NMe_ is a: product of the reac-

3
tion of trimethylamine with neo-epentylberyllium bromide. A low tempere.ture

study of cyclopentane solutions containing Me 2Be NMeB. (neo-pentyl) Be, NMB3'
or mixtures of the two gave the results shown on. pege 80. The following_points '
need to be noted from the datas ' ‘ L

___a ) the chemice'l. shifts of the C§3-Be protons of NezBs M193 and the mix:tures -

| of MezBe NMe3 with (nec=pentyl),Ba,NVe

'Tlowering the temperature.

are -the same and- do not change on

3.

b ) the chemical shift of the- CH_ZBe protons of (neo—pentyl) Be, NMe is not

3 _
.the same as of the CHZ-Be protons ‘of "the m:xbures. However, cool:.ng the solu-.
o tion conte.ining the lal*mixture causes the C_I;I_zBe resonances to split Anto two )
‘ peaks, one of which has the same’ chemical shift as that ‘of the CH Be of .
..(-neo—pentyl) Be-,NMe-a » This is shown on page 109, Cooling the 2+ 5: 1 mixture
does not change the spectrum down to —-16 After that, MeZBe,NMej -'come_§ out
of solution. -.
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1:00 :1:01 | (CH,), BeN(CH,), :
(neo-CqHy),Be N(CH,),

25° 5°

10 I 10 i T

|

10 1l 0 T
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¢.) Carei‘ul ares -measurement of-"th'e--Cﬁ3-Be and CH-Be protons- of the 111 mix-

ture at room temperature (30°) shows the ratio of (CH ) Be.NMe 3 to

(neo-C 5H11) Be NM63 = 100 4 1 01. At <40° the ratio remains the same but
the -CHzBe resbnance is split into two peaks with a ratio O-ll& R 0° 87. The
smallest of theCﬂz-Be peaks is the one With the same chemical sh:Lt‘t as that of
- the CH Be of (neo-pentyl) Be NMe3 alone and is therefore thought to represent :
| -‘the quantity of this compound in the s°1ution. The other C§2-Be resonances

may be a551gned to the mixed species, neo-c HllBeCH yNMe_. No spld.tting of

3
the Cﬂa-Be resonance of the 1:1 mixture is . observed and it is believed that }

this is due to a degeneracy of the C_}%Be protons of (CH ) Be NMe3 and

OHBBeneo-Csl-Ln,NMe o e T T e

‘Using - the date above, an’ equilibrium constant for: the redistribution
-reaction (81) may be calculated. . '

(Methyl) Be,NMe3 + (neo-Pentyl) Bo, NM°3 P g B _( )
' : e
T | 2 Methvl(neo-Pentyl)Be NMe S
S _0'8-7 | _ : = R
g = 0ib x 1v00-0.87 = 17° at ""°

z T2
'Thue. the evidence 1s that the equilibrium 11es predominatly but not wholely‘
' 'in. favour of the mixed species. Similar studies would enable other equili=’

brium constants to be calculated.

| 'Coordination_ com loxes of & Lborylliun halides,
_ | The' constitution of organometallic halides of group 'TI metals in the
..prese_nce of coordinating ligands, both in the crystalline state and in solution,
has been the co'ncern- _o:'_f _ch,ei_nis-t-s for many years. One of the problems has been

‘the fdis_proportio'nation equiﬂibriu’x‘n - (81), which is- sometimes found to the left .




and sometimes to the right, depending on the nature of the coordinating ligand.

2RMK a-; _ RZM' T4 W : (81)

It mw-a'p'pears to be a general rule that unless insoluble- metal halide complexes
are formed, the equilibrium in solution lies predc)minantly to the left. The
chart below sunmarizes the presently known disproportionation data of RMX come

_ pounds. where M= Be,Mg. or Zn, -

Coordinating Ligand

Bt,0 TP 1,2~ dimeth- TWED NEt, Nbe, Diowan:

' oxyethane,
RBeX | -4 1 R i 7 + -
Rng e - + + 7 =
REX 4 4+ + o1t .

'+ = didproportionstion 15 not observed. - = “disproportionation is
observed = sfféet“m-}dm._ : -

__Chenging the alkyl group R, might be expected to have 1itt1e effect on. the

} "_positon oi‘ the equilibrium, and this seems to be true . However, an important

B difference is observed betvreen the behavior towards T™MED of MeMgBr3 on the one

128

hand. and’ wmcm- PhMa'Rv- and p 1] 'Mn"R‘h on be othor. The £ . D _.-;.‘..:

6"
shows no tendency to disproportionate while the latter compounds do. Changing
the halide might be expected to have a greater effect on the pos:n.tion of equi-
1ibrium since there would be changes in the solubility of the motal halide
complexes. Evidence from this work suggests that the equilibrium does depend
considerably on the halogen for the allquberyllium halide complexes.

: 'I‘wo crystalline complexes of allquberyllium bromides with TMED have been

prepar.ed._ They are- ﬂ’_-_pentylberyllium bromide tetramet_}wlethyl_enediamine.




o plexes at Toom temperature the chem:.cal shift difference between the N-CH

m.pt. 104-6 3 and ethylberyllium bromide tetramethylethylenediam:.ne, m.pt.
107-9 . Both of the compounds are monomeric in benzane and show ‘no tendency
.to disproportionate. The p.m.r. sPec'bra of these compounds in benzene show _
-an interesting temperature dependence.for the N--Cl_j3 and l\HJE2 resonances. o
At 90 they dare single resonances with an area ‘ratio of 31l and are of the

: form found for. compounds such as. Me Be TMED. "As the spectrum is cooled to

30 y the l\l--C!_!3 resonance changes to a doublet and the I\Y-C_E2 to a multiplet
This behavior is explained in a sim:llar way to that for neo-PentleeMe,TMED |
in: that the two I\I-CH3 groups of a dimethylamino group or the two protons of

a N-CH2 group are not equivalent at: rocm temperature but become equivalent _
as the temperature is raised. Two differences from the, n_e__g-.-’Pentyl-BeMe,TlcED' o
case should ‘be noted, First, the process whereby the N‘GEB and N-'-CH ':'.reso‘n'- '
ances become singlets on the n.m.r. time scale requires much higher tempera—
_tures in this case. This is as. expected lince alkylberyllium halides should -
, '_ be better acceptors than beryllium diallqls. Secordly, for the RBeBr com-

3
'. resonances is much greater (30-50 cps) that the difference in the N-CH reson-

3
. ,anoes of neo-pentyl(methyl)Be ,‘I‘MED at —lP0° '.l‘h:.s also is to be expected.
' -The p.m.r. spectra of neo-pentleeBr TMED at various temperatures are shown

on pege 113,

In the preparation of EtBeGl TMED a crystalline solid was obtained but

v _its analys::.s and p.m.r. spectrim showed it to be a m:l.xture. oris of the com-' S

: ponents was EtBeCl,TMED and the other was almost certainly a TMED complex of

BeClz.' This would.*indicate that some disproportionation had taken place.
hThe‘-'n excess. triinethylamine is condensed on to .a benzene solution ccnta'in-'-'

l.ing neo-pentylberyllium bromide and a little ether. there 1is quantitative

disproporticnation to a trimethylamine complex of beryllium bromide which is _
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:,inéoluble in benzene at room temperature and to di-neo-pentylberyllium tri-
met}wlamine, a monomeric liqu:ld (see Table IV)

_ néo-c HnBeBr(Et O)x $ egcﬁz;s R (neo-C Hll) BeNMe + :'Be.BrZi(m'e:'i)y-

(82)

'The reaction of excess trimet}wlam:.ne with neo-pentylberyllium chlor:.de 'ln

' _benzene contain:mg a little ether does not result in complete d:.sproportlona-
- tion. : A small quantity of insoluble matérial was produced. The filtrate was
shown by analysis and by its p.m.r. spectrum to contain di-neo—pentylberyllium
trimetbylamine together with another spec:l.es containing neo-pentyl groups

bonded_ to _b_e_ry_lliun.» |

) All_cylber_yll'lum alkox1des and their ooord:mat:lon complexes.

During an attempted preparation of diniso-butylberyllium a. sl:.ght leak

-:m the course of the f:\.nal distillation caused the - actual preparation of iso-—' '

butylberyllium iso-butox:l.de, a mcous 11qu:ld, b.pt. 80‘:'/10'3 mm, The com~ .

: ."pound was found to be trimern.c in. benzene and thus became the second known
trimer:.c alk,ylberyllium alkoxide, the f:Lrst being etlwlbezyllium trietl-wl-
._ ‘methox:.de. : : . ‘ _ |
Additmn of TMED to th::.s compound allowed the crystallisation of a com-
'nlex. (B'u BeOBu )..,TMF‘D. with a melting __o_nt f 71 ?38. Th '-_ trLc,,_re is
' most probably analogous to that of" (EthOPh) TMED (see page 2?, XII) with

..ea.ch- dinethylamino group of the ']‘.‘MED bonded to a different beryllium. This

- is only the th:.rd example of this type of -complex in beryllium chemistry.

_but more w:Lll almost certain]y be found. The reaction of MezBe TMED with

"methanol ‘did” not produce a similar complex but resulted in d:.sproport:lonation ’
; (83)

2

MezBe TMED  + MGOH ééa_.‘é(Méo.)'é_Be + Mo Bo,TMED + MeH (83)




It has been shown by p.m.r. studies that 1, 2-dimethoxyethane does not
form a3 complex with iso-butylberyllium iso-butoxide when present in a ratio
~ Bu'BeoBu® ¢ 1,2-dinethoxyethane = 2 1 1, and even vhen mixed in a ratio 112
the large ma:;or:.ty remains An the form of the separate species. Ho‘we"ver'. in
the latter case there was evidence for the formation of - new products, presums
ably coordination complexes. A similar study of the reaction ‘with trimetlwl—
amine showred that there was ‘indeed a’ reaction but that at least four new
species were formed,

‘When t-butanol reaots with Me Be in a. 4:3 ratio, the product- is. Me, Bea(OBu )m
m.pt. 188° This compound almost cettainly has a structure analogous to that
of- (PhC2C) 2Bea(OBu )u-'.and Cl Be .:(0_1.3_1_1_ )4 (XXXI.) 7 it does'not form a complex with .

TMED, -

Coordination complexes of allqzlberyllium hydrides.

A coordination complex, (neo-pentleeH) ’I'MED. m.pt.: 123—125 ' has been -
. -isola-ted It is’ believed to have the game structure as tho’ compound =
(Bulaen)z.m:n, for which it has been proposed that the: TMED bridges the"

' '»'BeH 2Be un1t, one dimethylamino group bonded to each beryllium (see page 31

} ) As shown on page 116, the p.m.r. spectrum of the compound has a brcad |
resonance for the C§2-Be protons at room temperature which sharpans cons1der-

: ably on heating to. 60°. A model shows that. rotation of. the neo-pentyl group
B about: the C-Be bond -is severely restri:cted, and ‘this may be the cause of the :

_ broaden:mg.

"Reactions of : dia‘ k '1bemllium and allglberyllium hydride complexes with all@es.

- The results of a ser:,es of reactions between RZBa or RBeH compounds and

':allqnes, are. found on pa_ge_s'-l89.-"-9__3.. __ Some of the. reactions produced many .product-s.,




30°

(cu,),C

CH,-Be

A

io T

~{o)

116

(neo-CgH, BeH), | TMED

9 io T



o -most of which were ‘not identified. | _ _ — _
A series of small Scale reations between Et Be TNJ:.D and phenylacetylene_ -

B showed that, initially at least the metalation reaction (83) Was the only |
| reaction taking place. - ' '

Et,Be,TUED + . ZPhCSCH .~y (PhC-C) Bo,TMED + 2Et.H 3 (33)*”1

. However, when a large scale reaction was left for a comparatiVely 1ong t:meif:"'

under cimilar conditions to those of" the small scale reactions 1" a yield of” -
only 69% was obtained suggesting that other reactions do take place. '
It. has been shoun in many instancos tha.t complexation of -an organometallic'
- compound can increase its metalat:!.ng capability. Probably the most important
example of this is the difference in metalating capa'bilities between organo- .-
lithium- compounds in the presence or absence of TMED, (reference l, pages 19--
ZQ). Other examples include reactions (8’4») and (85). - -

EtZZn ' 2PhC—CH | --.5.9_; (PhC—C) Zn __-_;+ 2EtH '-.-.--(.sa-)-_
Et Cd 2PhC—CH = ".-’(?’1.‘0-:9‘)“ c_d + 2EtH (85)

'Here the rate of reaction is increased remarkabl,v as the complexing ability of_' a
’ _:_?the solvent is increased. In hydrocarbon SolVents the rates are extremely slow, -
- yet reaction (84) has -a half—life of 2-3 hours an THF or 1, 2-dimethoxyethane. )
ahd reaction (85) a half-life of 21 hours in 1, z-dimethoxvethane or 'less thnn K
5 'seconds -in the presence of TMED. In comparison with these reacti on ra,tes,
S a half-life ‘of 96 hours at 80 for reaction (83) ‘would indicate a much slower
reaction in this case, This may well be a further example of the inﬂuence of -
_ steric effects ‘on the reaction rates of organoberyllium compounds. |
. When propyne was used instead of phenylacetylene in a ‘small ‘scale reaction,
only a small quantity of metalated products was found. Pentane was used to

-extract less volatile organic,.products _l-j:_l_"jz_'om- the hydrolysis mixture and a g.l.c.

Gar
e N r
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study of the extract_'showed ,_th,e presence f-o_f_ at least five compounds.

From 'the reaction,:"betneen Et,Be ..I\lll".’e_3 and_phenylacetylene a deep_ red solu-
tion i-sv-fobftvj.a;iﬁe:d-. Hydrolysis shois that metalation is not the only reaction
that occu;_rs'l and that jberylli'unfcarbon tonds must have added across. the triple’
‘bond. -

Neither Et Be TMED or Et Be NMe reacted with 2-butyne at an appreciable

' 3
: rate at 70 L _ :
The reactions between EtBeH C)Et2 MeBeH mfe3 and EtBeH,NMe 3. with Z—buty‘ne .
have been studied brieﬂy. They proceed 4n a very complicated manner giving
"marw products, but the following conclusions may be drawm e '
a. ) Addition of Be-H bonds to the triple bond of 2—butyne takes place as ‘one
-,'°f if not the most important reaction, _
b ) Addition of Be-C bonds ‘to the alkyne is possible, and is more important
lfor the etbylbeg'yllium hydr:.de complexes than the metlwlberyllium hydride
. complex. L N ' _ o | |
':c ) For the trimethylamine complexes. free trimetlwlamine Was found as’ a |
' product of the reaction. indicating that some o:t‘ the species formed during
.. the reacticn are not complexed w:tth tr:unet}wlamine. o '_’j—::j - -
d.) In the case of MeBeH l\lMe3 plus 2-butyne a con51derab1e quantity of
: .N . Z_T!e :,‘33 cculd be pumped out of the reaction T.U.De. -'-h..LS probably arises
-from addition -of the Be-H bond 4o the alkyne followed by disproportionation
—of the product. .
'e.) }tydrolysis of the reaction products with MeBeH l\IMe3 or EtBeH, NMe3 gave
sone trans 2-butsne, No cis 2-butene was produced. |

f ) A g.dl.c. study of the less volat:Lle organic products fron the hydrolyul

_shcwed, that a number of species were present. Particularly notable- was | the o o

~change in the g l C. patterns in g;oing from ‘the MeBeH NMe3 reaction to the
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the Esseﬂ.mej réaction fpégé ‘1u9).’ Thi’s'"'s"howed"that the reactions were far
from identic'al. Two yna,jor hydrolySis products from the 1atter were not found
:Ln the‘- "forme'r. However, : all the ma,)or products from the MeBeH,NMe reaction

3

were found in the hydrolysis products of the EtBeH NMe reaction. Thus-. 1-t

-3
may be concluded that the Et-Be group is capable of undergoing reactions wh:Lch
the Me-Bs group cannot. Some of the hydrolysis products ‘had’ a high retention
time on passing through the chromatography column and must. have been the result
of polymerisation reactions. . No hexamethylbenzene was formed, _

. An NiMeT, study of the reactions between NeBeH NM63 and- PhC-CPh or PhC-CMe N
. was performed and” this demonstrated \rlsual]y the complexity of the reaction. ‘
The spectra of the PhC’CPh reaction after various times at. 25Q a—re shown on .. .
page- 121, It may be seen that the reaction does not involve the Me-Be bonds

to a large exttent. No virwl protons upfield from 3 3'1" ‘Were ever observed.

Finally, it 1s of interest that the rate of cis-trans interconverSmn of

(MeBeH, NMe ) appears to be slowed down in the presence -of PhC-'-’CPh or PhC:CMe. ‘
At '30% the spectrum of" the (MeBeH NMe ) aitone shows the Me_ 3 resonances of -
the cis isomer to be a. shoulder on the NMe resonance of the trans isomer. =

3
At a similar temperature in the presence of the acetylene the. cis and trans

-isomers  are clearly separated by lllv c.p.s. (see spectrum after 10 mins, page
121), simj_ar to the published smct:"ar' at llro 170 Is this evluence for com-
plex formation between the acetylene and the hydride dimer? At least. it is .

evidence for interaction of some sort.
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