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SUMMARY 
The reactions of heryllum d i a l k y l s and diph e n y l b e r y l l i u m w i t h 

organo-tin hydrides have been i n v e s t i g a t e d as preparative routes t o 
a l k y l and phenyl b e r y l l i u m hydrides. 

The r e a c t i o n between t r i e t h y l s t a n n a n e and dime t h y l - b e r y l l i u m i n 
ether s o l u t i o n gave methylberyllium hydride, which was characterised as 
the known trimethylamine complex, (MeBeH.NME^)^. S i m i l a r l y , diphenyl-
b e r y l l i u m and triphenylstannane react t o give phenylberyllium hydride, 
but contamination of the product w i t h t e t r a p h e n y l t i n prevent preparation 
of any pure c o o r d i n a t i o n complexes. 

Ether-free d i e t h y l b e r y l l i u m and t r i e t h y l s t a n n a n e react, i n 1:2 
and 1:3 molar proportions, i n hexane g i v i n g i n s o l u b l e e t h y l b e r y l l i u m 
hydrides ( w i t h Be:H = I.4 -.1.8), hydrogen, and hexaethyl d i - t i n . 

The r e a c t i o n s of e t h y l b e r y l l i u m hydride-trimethylamine w i t h 
dimethylamine, N,N,N',N' - tetramethyl-o-phenylenediamine and diethylmercury 
havelbeen i n v e s t i g a t e d . Reaction w i t h diethylmercury y i e l d s ethane, 
d i e t h y l b e r y l l i u m - t r i m e t h y l a m i n e and mercury, which contrasts w i t h r e a c t i o n 
of alane-trimethylamine alkylaluminiura d e r i v a t i v e s and mercury. 

The c o o r d i n a t i o n chemistry of di p h e n y l b e r y l l i u m has also been 
i n v e s t i g a t e d . Reactions w i t h the bi'Sdentate ligands N,N,N',N' -
tetramethylethylenediamine, lT,Iir,N',N' - tetramethyl-o-phenylenediamine, 
1,2-dimethyoxyethane and 2,.5-dithiahexane y i e l d w e l l defined c r y s t a l l i n e 
complexes, which are monomeric i n benzene. The mono-defitate ligands, 
d i e t h y l and dimethyl ethers, dimethyl and d i e t h y l sulphides, trimethylamine 
and trimethylphosphine give 2:1 complexes. The formation of these complexes 
demonstrates the greater acceptor strength of diphenylberyllium compared 
t o d i m e t h y l b e r y l l i u m , which forms e i t h e r no complex a t a l l or a very 
unstable comp3.ex w i t h these li g a n d s . Several of the 2:1 complexes have 
an appreciable d i s s o c i a t i o n pressure of l i g a n d a t 0°C| and consideration 
of t h i s and measurements of the heats of d i s s o c i a t i o n of these and other 
2:1 complexes shows t h a t s t e r i c considerations are an important f a c t o r 
governing the s t a b i l i t y o f the complexes. 



Reactions of d i p h e n y l b e r y l l i u m w i t h some donor molecules containing 
a c i d i c hydrogen have been i n v e s t i g a t e d . Diphenylamine y i e l d s a dimeric 
product, (PhBeHPh2)2» s i m i l a r t o the methylberyllium and methylzinc analogues. 
Reaction w i t ^ dimethylamine y i e l d s a t r i m e r i c product, (PhBeNME2)^-|^ which 
i s formulated as a six-membered r i n g , as i s the methylberyllium d e r i v a t i v e . 
A dimeric product {Fh3eSM.C^^^^(ME^)^ i s formed by r e a c t i o n w i t h -
trimethylethylenediamine, and i t i s probably s i m i l a r t o the analogous 
me t h y l b e r y l l i u m and methylzinc d e r i v a t i v e s . Phenylberyllium methoxide, 
(PhBeOMe) formed by r e a c t i o n w i t h methanol, has been found t o be tetram e r i c 
and a cubic s t r u c t u r e i s proposed, s i m i l a r t o many tetrameric methylberyllium, 
methyl cadmium and methylzinc alkoxides t h a t have been observed. 

Reaction o f phe n y l b e r y l l i u m c h l o r i d e w i t h sodium t r i e t h y l b o r o n 
hydride y i e l d s a s o l u t i o n from which the trimethylamine and trimethylphosphine 
adducts o f phenylberyllium hydride have been prepared. 
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INTRODUCTION 

The work described i n t h i s t h e s i s can be divided i n t o 
two sections, ( a ) methods of preparation and reactions of 
organor-beryllium hydrides, and ( b ) a study of the co-ordination 
chemistry.of d i p h e n y l b e r y l l i u m . These t o p i c s overlap somewhat 
i n respect of experiments on the preparation of phenylberyllium 
hydride complexes. 

This i n t r o d u c t i o n deals w i t h the chemistry of compounds 
releva n t t o these t o p i c s . F i r s t l y , the preparation, p r o p e r t i e s 
and c o - o r d i n a t i o n chemistry of the b e r y l l i u m d i a l k y l s and 
d i p h e n y l b e r y l l i u m are reviewed. Preparative routes t o and 
r e a c t i o n s of organo-beryllium hydrides and b e r y l l i u m hydride are 
discussed, and f i n a l l y the relevant chemistry of orga'hic and 
hydride d e r i v a t i v e s of other Group I I elements i s described. 

Compounds of b e r y l l i u m are almost e x c l u s i v e l y covalent 
due t o the small size and consequent high p o l a r i s i n g power of 

2+ 
the . d i p o s i t i v e c a t i o n Be . The- atomic radius of b e r y l l i u m 
i s 0.89 X and the c a l c u l a t e d i o n i c . r a d i u s of Be i s 0.34 «̂ 
The f i r s t and second i o n i s a t i o n p o t e n t i a l s are 215 and 420 
Kcal./g.atom. r e s p e c t i v e l y . Such high values would suggest t h a t 
f r e e d i v a l e n t ions of b e r y l l i u m are u n l i k e l y t o e x i s t i n i t s 
compounds. Thus b e r y l l i u m f l u o r i d e , which would be expected t o 
be the most i o n i c compound of b e r y l l i u m , i s a poor conductor of 
e l e c t r i c i t y i n the fused s t a t e ^' and r e a d i l y forms a glass. 

B e r y l l i u m forms.compounds w i t h covalencies of two, three 
or f o u r f o r the metal atom. The co - o r d i n a t i o n number of two 
ar i s e s from the use of sp h y b r i d o r b i t a l s by the b e r y l l i u m atom 
to give a l i n e a r molecule, as i s found i n b e r y l l i u m c h l o r i d e at 

2, 
high temperature when i t e x i s t s as a monomer ' and, probably, 
i n monomeric d i - t e r t i a r y b u t y l b e r y l l i u m ^* Dimethylberyllium-trimethylamine^and d i - i s o p r o p y l b e r y l l i u m - t r i m e t h y l a m i n e "̂ are 
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examples of the unusual c o - o r d i n a t i o n number of three, i n which 
2 

the b e r y l l i u m atom must make use of sp h y b r i d o r b i t a l s . 
However, b e r y l l i u m has a very strong tendency to form f o u r 
covalent compounds using sp"^ o r b i t a l s t o give t e t r a h e d r a l 
bonding around the b e i y l l i u m atom. Studies on the v i s c o s i t i e s , 
c o n d u c t i v i t i e s and f r e e z i n g - p o i n t s of s o l u t i o n s of b e r y l l i u m 
s a l t s ^ show the b e r y l l i u m i o n t o be more s t r o n g l y hydrated than 
any other d i v a l e n t c a t i o n , and b e r y l l i u m s a l t s commonly c r y s t a l l i s e 
from aqueous s o l u t i o n w i t h f o u r molecules of water of c r y s t a l l i s a t i o n 
p e r . b e r y l l i u m atom. The equivalent i o n i c conductances a t 25°C of 
Group I I A d i p o s i t i v e c a t i o n s i n water are: 

Be Mg Ca Sr Ba Ra _^ 2 _ i 
30 55.5 59.8 59.8 64,2 67 ohm. cm. equiv. 
The phthalocyanine complex of b e r y l l i u m i s exceptional, 

i t having a square-planar c o n f i g u r a t i o n due t o the shape of the 
7 

phthalocyanine molecule1 
There are no known compounds i n which b e r y l l i u m has a 

c o - o r d i n a t i o n number greater than f o u r , since the atomic o r b i t a l s 
of p r i n c i p a l quantum number three are of too high an energy t o 
p a r t i c i p a t e i n bond fo r m a t i o n and.hybrid o r b i t a l s i n v o l v i n g 
d - o r b i t a l s cannot be expected. However, i t i s possible t h a t 
f i v e or s i x coordinate b e r y l l i u m compounds may be prepared since 
c o o r d i n a t i o n numbers i n excess of f o u r are found both f o r boron 
(e . g . B^H^) and carbon (e.g. MegBe and the MeLi te t r a m e r ) . I n 
such cases m u l t i c e n t r e bonds s t i l l r e q u i r e the use of only 2s and 
2p atomic o r b i t a l s , 
Organo-Beryllium Compounds 

D i a l k y l s and d i a r y l s o f b e r y l l i u m can be prepared i n small 
q u a n t i t i e s by r e a c t i o n o f b e r y l l i u m metal and mercury d i a l k y l s 
and d i a r y l s at elevated temperatures, w i t h small q u a n t i t i e s of 

8—17 
mercuric c h l o r i d e used as c a t a l y s t For l a r g e r scale preparations 

IV 18 19 
the r e a c t i o n s of b e r y l l i u m c h l o r i d e and a Grignard ' ' or 

18 
l i t h i u m reagent i n ether ant u s u a l l y p r e f e r r e d , though complete 
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separation of the b e r y l l i u m compound from ether i s o f t e n d i f f i c u l t : 

BeClg + 2RMgX ^R^Be + MgX^ + MgClg 

BeClg + 2Rij ' > RgBe + 21101 

The a c t i o n o f f r e e methyl or e t h y l r a d i c a l s on m e t a l l i c 
20. 9. 

b e r y l l i u m * and thermal decomposition of a l k y l b e i y l l i u m halides 
lead t o the formation of d i a l k y l b e r y l l i u m compounds. The r e a c t i o n 
of b e r y l l i u m metal w i t h a l k y l h a l i d e s , a t elevated temperatures, 

9 21. 
has been used t o prepare some organo-beryllium halides. ' 

A l k y l b e r y l l i u m compounds react w i t h ethylene i n a step­
wise manner, s i m i l a r t o aluminium and l i t h i u m a l k y l s , and have 
been used t o polymerise other alkenes and f o r preparation of 
intermediates: 

EtgBe + MePr'̂ C = CH^ — - > MeEtPr'^C. CHgBeEt 
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D i m e t h y l b e r y l l i u m 
On a small scale d i m e t h y l b e r y l l i u m i s most conveniently 

prepared by r e a c t i o n of dimethylmercury w i t h excess b e r y l l i u m 
powder - ^ ^ J 16,17• ^j ^ ^ product can be sublimed from excess 
b e r y l l i u m under high vacuum, and trace q u a n t i t i e s of mercury 
can be removed w i t h gold f o i l 

For l a r g e r scale preparations the reactions of b e r y l l i u m 
c h l o r i d e w i t h Grignard o f l i t h i u m reagents i n ether arte p r e f e r r e d . 
However, the i s o l a t i o n of a pure product presents some d i f f i c u l t i e s , 
Separation from dissolved s a l t s by "ether :VdiS4illation" a t 
atmospheric pressure ^4j23>24 possible, but complete separation. 

25. 
from ether i s very d i f f i c u l t . I t has been suggested t h a t use 
of dimethyl sulphide as a solvent could f a c i l i t a t e i s o l a t i o n of 
a " s o l v e n t - f r e e " d i m e t h y l b e r y l l i u m , as dimethylsulphide does not 
coordinate t o dim e t h y l b e r y l l i u m , ^ * but no experimental examination 
of t h i s method has been published openly. 

Dimethylberyllium forms colourless needles when condensed 
from the vapour f]xhse, but has not been observed t o melt. The 

26 
vapour pressure of the s o l i d ' i s given by the equations: 

100^150°C : log^Q P(mm) = 12.530 - 4771/T 

155-l80°C : log^Q P(mm) = 13-292 - 5100/T 
The extrapolated s u b l i m a t i o n temperature i s 2lfc, 

and l a t e n t heat o f su b l i m a t i o n i s 23.5 Zeal./mole of monomer. 
29. 

Independant observations give a s l i g h t l y d i f f e r e n t 
vapour pressure equation and sublimation temperature of 220°C. 

27 
X-Ray d i f f r a c t i o n analysis '* reveals a long chain 

polymeric s t r u c t u r e , the i n t e r c h a i n distances excluding an i o n i c 
s t r u c t x i r e ( Me .Me. 

Be'' "Be Be 
Me Me* 

I n the above formula dotted l i n e s represent half-bonds. 
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Both b e r y l l i u m and carbon atoms make use of f o u r t e t r a h e d r a l 
sp^ atomic o r b i t a l s and i t i s probable t h a t three-centre molecular 
o r b i t a l s Be(sp^) + C(sp^) + Be(sp^) are formed from these. Each 
molecular o r b i t a l would ho l d two electrons, g i v i n g a "bentbond", 
Be-C-Be. A l t e r n a t i v e l y each Be-C bond may be regarded as a h a l f -
bond. The Be-C-Be angle (66°) i s small, but good overlap between 
t e t r a h e d r a l atomic o r b i t a l s i s possible. The C-Be-C angle (ll4°) 
i s s t r a i n e d only s l i g h t l y from the t e t r a h e d r a l (109.5°) A l l Be-C 

o 
distances are equal (1.92 A ) and l a r g e r than the c a l c u l a t e d value 
1.73£ f o r a s i n g l e bond, supporting half-bond f o r m u l a t i o n . The 

28 
bond order ( n ) c a l c u l a t e d from the Pauling equation: 

d = dj - 0.6 log-|.o'^' 
i s 0.48, or 0,.§. w i t h i n e r r o r of computing d, = 1. 

Vapour den s i t y measurements between I60 and 200 C, and 
a study of the pressure dependance of the. vapour density show?. t h a t 
the vapour consists of monoiner,\- dimer and t r i m e r molecules, together 
•with higher polymers which are important only a t near-satixration 

26 
c o n d i t i o n s . Structures have been proposed * f o r the f i r s t three: 

I 

monomer; Me — Be—Me 

dimer : Me—Be'' 'Be—Me 

• W 
trimer: Me—B?' ^ Be-̂ Me 

'̂ Me'' Me-'' 
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29 • Thermal decomposition of d i m e t h y l b e r y l l i u m * s t a r t s at 
200°C w i t h f o r m a t i o n of Be(CH2)n as an intermediate product. 
The end-product at 220-230°C i s b e r y l l i u m carbide: 

n(CH^)2 Be nCH^ + B e ( C H 2 ) n - ^ n Be^C + n CH^ 

Reaction of d i m e t h y l b e r y l l i u m w i t h diborane a t elevated 
g 

temperatures takes place i n several stages * An intermediate 
product (MeBeBH^)^ can be detected, but the main products are 
trimethylborane and b e r y l l i u m borohydride BeB^Hg together w i t h 
an i n v o l a t i l e s o l i d , which i s probably (BeBH_) 

5 n 
Oxidation o f d i m e t h y l b e r y l l i u m by oxygen has been studied 

under v a r y i n g c o n d i t i o n s . The end-product was always b e r y l l i u m 
methoxide (lfe0)2 Be, but c o n t a i n i n g v a r y i n g amounts, 2.6 - 6.9̂ , 
p e r o x i d i c oxygen according t o the method of preparation. 

By e l e c t r o l y s i s of an ethereal mixture of d i m e t h y l b e r y l l i u m 
and b e r y l l i u m c h l o r i d e , b e r y l l i u m metal can be deposited from 

-. X - 23. 
s o l u t i o n 

D i m e t h y l b e r y l l i u m reacts w i t h donor molecules and thus 
r e l i e v e s i t s e l e c t r o n d e f i c i e n c y . However, only r e l a t i v e l y strong 
donor molecules w i l l coordinate, since the heat of coordination 
must exceed the heat of p o l y m e r i s a t i a i or the polymeric s t r u c t u r e 
i s not broken down. Thus, i t forms c o o r d i n a t i o n compounds w i t h 
trimethylamine, trimethylphosphine, dimethyl, and d i e t h y l ethers, 
but-not w i t h t r i m e t h y l a r s i n e or dimethyl sulphide. The p r o p e r t i e s 
of these compounds i n d i c a t e t h a t the order of heat of coordinati o n 
i s N y P / 0 > A s , S.'̂ V The same order i s found w i t h 
trimethylaluminium^iind t r i m e t h y l g a l l i u m , ̂ ^when the acceptor atom 
i s of the type t h a t forms simple c o o r d i n a t i o n l i n k s f r e e from 
complications due t o double bonding or any s i m i l a r i n f l u e n c e of 
d - o r b i t a l s , o f t e n found i n t r a n s i t i o n metal compounds. 
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Dimethylberyllium forms a 1:1 compound (Me2Be<—Me^) w i t h 
trimethylamine. This melts a t 36°C and i s stable up t o l80 C. 
Vapour de n s i t y measurements show i t t o be monomeric i n the gas phase,^' 
although cryoscopic measurements i n benzene s o l u t i o n show i t to be 
s l i g h t l y associated. •̂̂ * An unstable compound {Ue^Be)2.{'^e^)y 
d i s s o c i a t i n g about 10°C i s described, but t h i s has since been 
shown to-be 2:1 complex. Me Be. (NMe ) ^ 

Whereas trimethylamine coordinates so s t r o n g l y t o dimethyl­
b e r y l l i u m t h a t i s able t o break down the polymeric s t r u c t u r e , w i t h ­
out d i f f i c u l t y , and form w e l l - d e f i n e d complexes, t h i s i s not t r u e 
of trimethylphosphine. Complex e q u i l i b r i a r e s u l t due t o the 
S i m i l a r i t y between the a f f i n i t i e s of di m e t h y l b e r y l l i u m f o r 
trimethylphosphine and each other. A considerable range o f 
compounds (Me P) (Me3e) when x = 2,3,1,2,2,2 and y = 
1,2,1,3,4,5 r e s p e c t i v e l y are formed, each one being stable i n 
a c e r t a i n pressure of trimethylphospine and temperature. A l l the 
trimethylphosp&ine can be removed i n vacuo a t room-temperature. 
The suggested explanation i s the successive formation of compounds 
of i n c r e a s i n g chain l e n g t h , w i t h trimethylphosphine a c t i n g as a 
chain-ending group. 

Me PMe. ,Me, 
be Be,.;;.,Be. ^ etc. 

Me •Me' Me 
- 3 

A. 

The .recent c o r r e c t i o n t o the stoichiometry of the 
unstable dimethylberyllium-trimethylamine complex from 2:3 t o 1:2 has 
accounted f o r a h i t h e r t o unexplained anomaly. 
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With dimethylether, the compounds Me2Be<- OMCg, (Me2Be2) 
(OMe^)^ (Me^Be)^ (0Me2)2 and (MegBe) OMeg have been observed, 
but a l l are less s t a b l e than, the phosphine complexes. There-is 
no i n d i c a t i o n of a compound of any d e f i n i t e composition being 
formed w i t h d i e t h y l e t h e r ̂ * 

Colourless c r y s t a l l i n e needles, m.p. 91-92°C, of 
d i m e t h y l d i p y r i d i n e - b e r y l l i u m have been i s o l a t e d from the r e a c t i o n 
of p y r i d i n e w i t h ethereal d i m e t h y l b e r y l l i u m 

Dimethylberyllium reacts w i t h bidentate ligands t o form 
very s t a b l e 1:1 chelate complexes of t h e type: 

Me ^ 

Thus, N,N,N',N' - '.tetramethylethylenediamine, .N,N,N',N' - tetramethyl - o 
phenylene-diamine and 1,2 ,- dimethoxyethane form wel l - d e f i n e d complexes, 
b o t l i o f which are claimed t o sublime unchanged invacua, but more 
recent work has- shown the d i e t h e r complex dissociates w h i l s t 
s ubliming 55-60°C (O.OOlmm);, The former amine complex i s about ten 
per cent associated, v/hilst the l a t t e r complexes are monomeric. 

Donor molecules c o n t a i n i n g r e a c t i v e hydrogen atoms, e.g. 
alcohols, primary and secondary amines, also coordinate t o 
dim e t h y l b e r y l l i u m , but there i s a tendency t o eliminate methane 
and form d i - , t r i - or polymeric products. 

Dimethylamine forms an adduct, MsgBe <— NHMeg which melts 
a t 44°C w i t h e l i m i n a t i o n of methane, l e a v i n g a white t r i m e r i c 
compound (MeBe.NMe2)^ This compound was o r i g i n a l l y described as 
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white c r y s t a l s , m.p. ^^-^6°c. However, since dimethylaminodimethyla-
luminiumgallium and -indium have recently been found to be c r y s t a l l i n e 
at room temperature and to undergo a tr a n s i t i o n to a glassy phase 
i n the range 50-80°c, the transitions being attributed to a polymeri-

39 • 
sation process, and since various dimethyl- and diethylphosphino 
and arsino-dimethyl derivatives of the same metals (e.g. MegGaPMeg) 
have been found to be glassy i n the condensed state at room tempera­
ture, * the aminoberyllium derivative has been re-examined. 
Though (MeBE.Me^)^ may be sublimed at 50-80°C under reduced 
pressure, giving an apparently s o l i d condensate, the l a t t e r i s 
isotropic when examined i n polarised light,and X-ray d i f f r a c t i o n 
gives no l i n e s . I t i s therefore amorphous, and, l i k e some of the 
other compounds examined, ^ '̂4̂ '̂ appears to be a liq u i d of high 
v i s c o s i t y , probably consisting of polymers and oligomers, (MeBeMe2)^ • 
When heated i n a sealed c a p i l l a r y tube i t softens and turns 
reversibly into a c l e a r l y recognisable l i q u i d over the range 51-54°C. 
Corresponding changes occurred at 50-53°C for [(MeBelT( CD^ 1̂̂  and 
48-54°C for (CD B e . M e - ) T h e original examination of 

37 
MeBeMe„ showed i t to be trimeric both i n ' benzene and as 
vapour, and a c y c l i c s t r u c t u r e l l was assigned: 

! Me 

: . bL 

I ; Be Be;̂  
i Me^ \ Me N 

H 
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Such a structure would involve three-coordinate beryllium 
and four-coordinate nitrogen, and would, not be planar. The 
observed proton magnetic resonance spectDum shows single 
resonances for both nitrogen and beryllium methyl protons, which 
do not change on cooling to-90°C. This i s consistent with rapid 
interchange between possible conformations of the ring, remaining 
rapid even at the low temperature. 

The secondary amines, diethylamine, di-n-propylamine and 
diphenylamine also react with dimethylberyllium with elimination 
of methane.-^ * Diethylamine gives a trimeric product (MeBelJEtg)^ 

s i m i l a r to methyl (dimethylamino) beryllium. However, di-n-propy­
lamine and diphenylamine give dimeric products, (MeBe]JPr| )2 ^ ^ ^ j 
(MeBelIPh2)2. The drop i n degree of association from trimer to 
dimer i s attributed to s t e r i c influences as the group bound 
to nitrogen becomes bulkier, since i t has been shown by experiments 
with molecular models show there i s less interference between 
a l k y l groups i n a dimeric structure than i n a trimeric structure. 

Di-iso-propylamine "̂•̂* and dimethylberyllium foima stable 
monomeric adduct MegBe^-NHPrg— , which eliminates methane at 
100 C i n the presence of excess amine. However, elimination of 
methane jwas not quantitative, even after refluxing with excess 
amine for several days; t h i s i s probably due to s t e r i c hindrance by 
the isopropyl groups. 

The reaction of dimethylberyllium with piperidine and 
morpholine gave 1:1 adducts Me^Be <- MC^A^^ and Me^Be*- NHC 
respectively. I n the presence of excess secondary amine at 40°c 
elimination of methane^; was quantitative a f t e r 2̂ 25 hours, with 
formation of bis-NjN' - piperidylberyllium and bis-H',N'' -
morpholylberyllium. Fo information about the molecular complexity 
of the 1:1 adducts or the bis-derivatives i s available. 
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N,N,]J' - Trimethylethylenediamine reacts with 
dimethylberyllium at room temperature eliminating one mole of 
methane and forming a dimerio product I I I , which melts at 116-118°C. 

CH 

CI 

-H^ Me 
^ / 

Be Me 
> - c a 

Me .^e 
Me ^ N — C K 

Me2 2 

S i m i l a r l y one mole of methane i s liberated from a mixture 
of dimethylberyllium and IT,H'' - dimethylethylenediamine at low 

33. temperature." This product, probably has a structure IV similar 
to I I I , sublimes at 90"c and loses about eighty per cent of the 
methyl bound to beryllium as methane at 145°^. When IV i s heated 
i n t e t r a l i n at 156°C elimination of methane i s quantitative, 
giving an insoluble polymeric product, probably having the structure 
V. 

H Me „ 

/ \ M e 

M . / ' ^N—CH, 
Me H ^ 

M e / 

IV 

33. Reaction of unsymmetrical lir,lir-dimethylethylenediamine 
with dimethylberyllium involves elimination of one mole of methane 
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giving a product of structure similar to IV. When heated to 
170°G the compound evolves methane, and, on cooling, a hard glass, 
evidently polymeric, i s produced. 

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

Methylamine and dimethylberyllium react with elimination of 
methane, but the other product has not been characterised. '* 
Similary, ammonia libera t e s methane from dimethylberyllium at 
0-20°C. Even at 50°C quantitative elimination of methane was not 
observed. The polymeric products, of the type R-rBe-HH-BeTI - HH-

0 ̂  
were not characterised further. At low temperatures (-80 C) 
a 1:1 adduct Me2Be<-IIH^ was observed but not isolated. 

When dimethylberyllium i s added to excess hydrogen cyanide 
44. 

i n benzene, beryllium cyanide i s precipitated I t w i l l not react 
with trimethylamine or other donor molecules and i s without doubt a 
cross-linked polymer. However, when equimolar quantities of 
dimethylberyllium and hydrogen cyanide are mixed, ether^solu .ble 
methylbeiyllium cyanide i s formed with elimination of methane. 
Separation of ether from methylberyllivim cyanide can be achieved by 
pumfing at 70°C, but the residue w i l l not redissolve or react with 
trimethylamine and i s obviously polymeric. The coordination complex 
of trimethylamine and methylberyllium cyanide was isolaited from the 
reaction of dimethylberyllium-trimethylamine and hydrogen cyanide. 
I t is.an i n v o l a t i l e amorphous s o l i d and probably has a polymeric 
structure ( f i g . V I ) . 



- 13 -

B e - C 

vr 

37 
Methanol and methanethiol react with dimethylberyllium 

with immediate evolution of methane. The product from reaction 
with methanethiol has. not been characterised, but methanol gives 
methylberyllium methoxide (MeBeOMe)^. I t disproportionates at 
120°C, presumably giving dimethylberyllium and beryllium 
methoxide Be (OlE ) ^ . Ebullicscopic measurements '̂̂ * i n benzene 
showed methylberyllium methoxide to be dimeric for which structure 
V I I was proposed. 

Me 

Me 

-Be Be--

• Me 

Me 

However, recent orjsscopic measurements show i t to be tetrameric, 
as are methylberyllium isopropoxide and Tert-butoxide prepared by 
reaction of dimethylbeiyllium with iso-propernol and tert-butand 

38. 
respectively. .The structiire of these tetrameric alkoxides i s 
probably s i m i l a r to the cube-like structure of methylzinc methoxide, 

46. figure IX and proposed for other tetrameric alkylzinc alkoxides 

99 
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The reaction of dimethylberyllium with phenoL and substituted 
A *7 

phenols has been studied. The f i r s t mole of methane i s liberated 
below -80° and i n the presence of excess phenol the second mole of 
methane i s l i b e r a t e d at about -30°c with precipitation of bis-phenoxy 
derivatives. JTo further characterisation of the bis-compounds i s 
reported. 

An unusual alkoxy derivative has been prepared by reaction 36. The product of ethereal dimethylberyllium and benzhydrol 
(MeBeOCH^Eh'4—0Et„) i s monomeric i n benzene.-

I t i s probable that the ether molecule, which can be 
displaced by stronger donors, such as tetrahydrofuran, i s held to 
r e l i e v e the coordinative unsaturation of the beryllium atom. The 
expected association to give a tetrameric;^ structure i s probably 
preyentolby s t e r i c interaction between groups on the of carbon atom. 

29 
The infrared and Raman spectra of s o l i d dimethylberyllium 

have shown that the polymer has Dgj^ symmetry with s i x vibrations 
active„in the infrared and s i x i n the Raman spectrum. There was no 

-1 
absorption i n the region I4OO-I5OO cm where most compounds containing 
methyl groups absorb strong|>due to methyl asymmetric deformations 
(Sasym CH ) . However, two very intense absorptions at 1243 and 
1255 cm have been id e n t i f i e d as being due to deformation of the 
bridging methyl groups, and another absorption at 835 cm as 
due to a rocking mode. 
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cm-l 
Absorptions at 535 and 5̂ 7 were assigned as beryllium-

carbon stretching vibrations. By comparison of the s pectra 
of trimethylamine and ̂ ,¥,^',17' - tetramethylethylenediamine complexes 
of (CH^)^ Be and (CD^)2 absorptions due to beryllium-methyl 
symmetric deformations (b Be-CH.) have been identified i n the 

_1 sym 3 
range 1186- 1206 cm Beryllium-methyl stretching vibrations could 
not be c l e a r l y i d e n t i f i e d but appeared to be i n the range 
700-900 cm.""'' 

I t i s pointed out that the assignment of 
(8 Be-CH ) i n the region ll86-1206o^s supported by reference sym i g 
to the trimethylaluminium dimer, * i n which absorption, due to 
terminal Al-CH^ symmec-tric deformation i s at 1206 cm, and that 
due to bridging methyl being at 1255 cm. Thus, i n compounds 
containing terminal methyl groups, such as dimethylberyllium-
tetramethylethylenediamine, symmetric methyl deformations would 
be expected to l i e some 50 cm. ''below values obtained for bridging 
methyls, and these have been observed. 

The proton magnetic resonance spectra of several 
dimethylberyllium complexes have been studied, and the 
chemical s h i f t s of the methylberyllium protons, when the donor i s 
trimethylamine, ether and U,N,!!',!! - tetramethylethylenediamine, 
have been compared with s i m i l a r values obtained for compounds with 
methyl groups bound to other electropositive elements. 
Diethylberyllium 

Although diethylberyllium cannot be prepared by reaction of 
diethylmercury and beryllium metal, i t i s conveniently 
prepared from the reaction of ethylmagnesium bromide and beryllium 
chloride i n ether. D i f f i c u l t y i s encountered i n separation 
of the product from ether, but prolonged pumping and subsequent 
vacuum d i s t i l l a t i o n gives a colourless liquid boiling at 63°C/0.3 m.m., 

19 
which contains about two per cent ether. *̂ A more recent method 
of preparation involves treatment of beryllium chloride with 
triethylaluminium at 100°C. After one hour an electron-donor complexing 
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agent for the aluminium compound i s added, and diethylberyllium 
49» 

separated by d i s t i l l a t i o n . 
The vapour- pressure of diethylberyllium i s given approxi­

mately by theequation: log^O^ "̂ '̂ ^ ~ ^̂ ^̂ A* Whence :the 
• extrapolated boiling point i s 194 C. 

Molecular weight measurements show diethylberyllium to 
be monomeric indioxan, but associated i n cyclohexane and benzene, 
the values being time-dependant i n the l a s t two solvents (l60 and 
140 respectively after the solution had stood for two days, 212 

and-224 respectively a f t e r 240 days)^*^* These results could well 
be the subject of further experiments. 

The apparent dipole moment i n several solvents has been 
measured, i t being 1.0»D i n heptone, 1*̂ 9 D i n benzene and 4*3 D 
i n dioxan. I t should be noted that diethylberyllium i s 
associated,in heptane and benzene, but monomeric i n dioxan. 

At temperatures above 80°C diethylberyllium undergoes a 
complicated decomposition, which i s rapid at 190-.200°C. Ethane, 
ethylene and butene are the main v o l a t i l e products, with small 
amounts of benzene, 1,3- • cyclohexadiene and-3- hexene. The 
residue i s an o i l , which can be d i s t i l l e d at 100°C/ O.lMp.2 m.m. 
and analyses approximately toL(H-Be-CH_)J and a c r y s t a l l i n e 

r 1 TQ <i n, 
s o l i d LBe(CH^)J 

^ J n . 
The study of the coordination chemistry of diethylberyllium 

has not been as extensive as that of dimethylberyllium. 
A v o l a t i l e l i q u i d 1:1 adduct, •̂̂ * stable hp to 50°C, with 

trimethylamine BtgBe ̂ - HMê  has been prepared, which reacts with 
excess trimethylamine at low temperatures. A 2:1 adduct 
Et2(Be.(lIMe^)2 i s formed at -65°C, at which temperature i t i s stable. 

However, the second molecule of trimethylamine i s l o s t at 
temperatures above -35°C. At -33°C and - l6°C the dissociation 

53* 
pressures are 1.1 m.m. and 11.0 m.m. respectively. * An orange 
c r y s t a l l i n e adduct Et^Bepyg i s formed by reaction of diethylberyllium 
with pyridine. 
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Reaction of diethylberyllium with diethylamine and dipheny-
lamine, i n 1:1 molar quantities, gives dimeric products (EtBeNEt2)2 

and (EtBeHPh2)2 respectively. * When compared with the analogous 
methylberyllium derivatives i t seems l i k e l y s t e r i c considerations 
are governing the molecular complexity of these derivatives. The 
dimethylamino- and diethylamino- derivatives (MeBeNMe„), and 

38. 
(MeBelffiT^)^ are trimeric, whereas the di-n-propylamino- and 
diphenylamino- derivatives are dimeric. The drop i n molecular 
complexity i s explaijued by s t e r i c interference introduced as 
the a l k y l groups bound to nitrogen becomes larger, s i m i l a r l y 
the s t e r i c interference introduced by changing the a l k y l group 
bound to beryllium from methyl to 6thyl must account for the 
ethylberyllium derivatives.being dimeric. , 

The reaction of diethylberyllium and i t s trimethylamine 
54. 

adduct with several methyl hydrazines has been investigated. 
I n general, quantitiative l i b e r a t i o n of ethane was not observed 
and polymeric materials were formed. However, a 1:1 adduct 
(Et2Be<-MEHMME2) was formed fi?om trimethylhydrazine and a 1:2 
adduct CME2inME2(BeEt2)^, from tetramethylhydrazine was isolated. 
I t was found that the extent of replacement of ethyl by hydrazine 
was governed by s t e r i c considerations. 

Methanol, isopropanol and hydrbgen chloride a l l react 
19. 

explosively with diethylberyllium at room temperature. 
Addition of diethylberyllium to excess diphenylamine i n 

bfenzene resulted i n quantitative elimination of ethane and precipitation 
of polymeric material {^'^^{'^'^^2'^2^x1''^' 

Several other compounds obtained by displacement of both 
a l k y l groups from diethylberyllium by piperidine, morpholine 
and various substituted phenols '̂̂ ' are described, but nothing was 
reported concerning the molecular complexity of these compounds. 
Unlike dimethylberyllium, which loses only one mole of methane when 
heated with excess - trimethylethylenediamine at 60°C, 
the iiraeric. structure remains es s e n t i a l l y intact, diethylberyllium 
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reacts with excess H'jll,]^' - trimethylethylenediamine i n refluxing 
benzene. Elimination of ethane i s complete aft e r about three days 
reaction. The product, b i s - 2-dimethylaminoethyl(methylamino-
beryllium {Me^ll^.CE^CE^mE)^Be i s v o l a t i l e and sublimes 40-45°C/0.001 m.m. 
Though expected to have a spiro-structure X, the infrared spectrum 
of the c r y s t a l l i n e material (as a n:iy-ol mull) d i f f e r s greatly from 
that of i t s solution i n cyclohexane. 

Me« Me 

; ; *̂  Me Mê  2 

I t has been suggested that s t e r i c interference between 
methylamino groups could lead to.some.of the dimethylamino becoming 
detached when the compound i s i n solui;i6h-' whereas i n the c r y s t a l l i n e 
state a single structure would be adopted. Detachment of dimethylamino 
groups would leave the central beryllium atom three-coordinate, examples 
of which have been established.^' The compound reacted rapidly at 
room temperature with methyl iodide forming a di-methiodide 
CBe(ME.CH CH-H1[E,I)71 , which i s formulated as a coordination of 

' J ^ X 
polymer with bridging nitrogen atoms. The reactions of 2-methoxyethanol, 
2-dimethylaminoethanol and 2-dimethylaminoethanethiol with diethylberyllium 

Si,. 
have also been investigated. 

Bis-(2-dimethylaminoethylthio)beryllium, {m^^CE^CE^S)^Be, 
was formed by reaction of eacess 2-dimethylaminoethanethiol with 
diethylberyllium. The reaction was complete i n one hour i n boiling 
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benzene and the product c r y s t a l l i s e d from benzene as colourless 
needles and f i n a l l y sublimed 120-130°C/0.001 m.m. I t was found to 
be s l i g h t l y associated i n benzene (iT = 1.1-1.3 i n 0.09 -0.2 weight 
io solutions) but probably has the c l i e l a t e structure XI; 

Be 

Since the space occupied by a sulphur atom i s less than that 
required by a methylamino group, there would be less tendency for 
the dimethylamino groups to dissociate and leave.three coordinate 
beryllium. Thus no d i s s i m i l a r i t y i s observed between the infrared 
spectra of a-.nujol niull and a cyclohexane solution of the compound. 

The product.from dimethylberyllium and 2-dimethylaminoethanol, 
bis - (2-dimethylaminoethoxy)beryllium (ME23!ICH2CH20)2 Be, was found 
to be c r y s t a l l i n e and oligomeric i n benzene (n = 8-11 i n 1-2 weight 
io s o l u t i o n s ) . 

I n contrast,, the products of reactions betiyeen diethylberyllium 
and 2-methoxyethanol. can be regarded as:: polymers. An unusual feature 
of the reaction was that the product, bis-(2-methoxyethoxy)beryIlium, 
differed i n pfersical appearance according to the reaction conditions. 
I n diethyl ether at -78°C a r e l a t i v e l y dense material was formed, 
whereas i n benzene at room temperature the product was a light porius, 
and rubbery mass. Both products, were insolua,ble i n a l l solvents with 
which they did not react, suggesting a highly polymeric structure, and 
they were amorphous (absence of li n e s i n the i r X-ray powder diagrams.) 
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5 7 . Magnesium isopropoxide, prepared from n-butylma^esium isopropoxide 
and propan-2-ol, i s apparently si m i l a r to the l i g h t , rubbery product 
isolated from reaction at.room temperature, but, unlike the beryllium 
compound, loses i t s rubbery charater when stored under dry nitrogen 
at room temperature. 

The extensive association of the above alkoxy-derivatives 
i s to be contrasted with the moraomeric amino- and thio- complexes. 
The donor strengli of oxygen bond to an electropositive element i s 
considerably greater than that of ether oxygen, as shown by the fact 
that the aluminium compound (BTgAlOCH^CH^OEt)^ i s dimeric, containing 
uncomplexed etheir-oxygen atoms. I n alkoxyberyllum compounds, 
association i s l i k e l y to be propagated by means of the alkoxy-oxygen 
atoms, and the ether-oxygen i s unlikely to compete successfully for 
coordination positions about the metal though the more basic dimethylamino 
groups i n (ME ITCH CH O) Be may do so. 

59 

Prom reaction of diethylberyllium and excess dimethylamine 
at 25°C the product bis-( dimethylamino)beryllium, [BeiWSE^)^, can be 
isolated, The same compound has been prepared' ̂ * by reaction of 
di-isbpropylberyllium and excess dimethylamine-at just above room 
temperature. The compound i s trimeric in,both benzene solution and 
i n vapour phase, and was o r i g i n a l l y assigned the c y c l i c structure X I I . 

Bes—N 2 
M^N ' ^ ̂ Be-NM^ 

\ 
N Me. 

/ 

Me^ 
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59. However, more recent investigations ^ do not agree with 
t h i s . D i f f e r e n t i a l thermal analyses indicate several differemtt 
forms of bis-(dimethylamino) beryllium, and these observations 
together with proton magneticnesea^nce spectral data indicate a 
bridged trimeric structure X I I I . 

Mê  Me« 

'2'' - \ —-NMe 

I t i s suggested that the other forns of fBe(NME2)~l3 may 
have difference configurations of the trimer, e.g. cis/transforms 
of the terminal dimethylamino- groups. 

An interesting s e r i e s of ether-free s a l t s of diethylberyllium 
of the type MX(BeEt5) , where M represents an a l k a l i metal, X represents 

60 6l 62 
halide or cyanide and n =» 1,2 or 4> have been prepared. * ' 

Potassium fluoride dissolves i n ethereal diethylberyllium 
at 65°C over three hours and the c r y s t a l l i n e compound decomposes 
and ether-free diethylberyllium can be d i s t i l l e d from the compound. 
This reaction can be used as a method to prepare ether-free 
diethylberyllium, as can the decomposition of KFXBeEt2)2 i n benzene 
at 70°C when the insoluble material (KPBeEt2) and pure ether-free 
diethylberyllium, ( s o l u i l e c i n benzene), are formed. Rubidium and 
caesium fluorides also form' similar compounds but sodium cyanide, 
sodium fluoride, lithium fluoride, caesiiim chloride and potassium 
chloride dther do not appear to react, or, . no pure compound could 
be isolated from the reaction mixture. Tetra-ethylammonium chloride 
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forms a viscous l i q u i d product at room temperature of the type Et^KC 
(BeEt2)2 and potassium cyanide forms a compound KCN (BeEtg)^ which 
loses pure diethylberyllium at 110-150°C invacuo. 
Di-isopropylberyllium^' 

Di-isopropylberyllium has been prepared by reaction of 
isopropylrmagnesium chloride and beryllium chloride i n ether. 
An ether-free product can be obtained by refluxing with continuous 
pumping for several days. The ether-free product, a colourless and 
s l i g h t l y viscous liquid, freezes at r-9.5°C and 0.53 ni.m. at 40 C), 
and extrapolated boiling point (280°C) are consistent with a dimeric 
structure. 

When heated at 50°C di-isopropylberyllium decomposes slowly 
with the evolution of propene, which becomes rapid at 200°C. The 
non-volatile,, viscous product i s isopropylberyIlium hydride (PrBeH) 

0 ^' 
Thermal decomposition of this compound at 220-250 C gives 

propane, propene, hydrogen, beryllium and an orange residue of 
. unknown composition. Isppropylberyllum hydride reacts with 
dimethylamine at room temperature liberating propane and hydrogen 
i n the r a t i o 2 . 5si, the product probably being some kind of dimethji-
laminoberyllium hydride, but i t was not investigated. 

Trimethylamine and di-iaopropylberyllium react to form a li q u i d 
1:1 adduct (Pr^Bef-HME^), which i s monomeric i n benzene solution and 
i s thus an example of 3- coordinate berylliiim. At 200°C di-isoprop3^-
beryllium-trimethylamine loses one mole of propene with the formation 
of isopropylberyllium hydride-trimethylamine (Pr''"BeH^JIME,) I t i s 
formed as feathery needle-like crystals which have not yet been further 
investigated. ' -

The reaction of methanol of di-isopropylberyllium yields 
isopropylberyllium methoxide (Pr'^'BeOME)^, with elimination of one 
mole of propane. 

One mole of dimethylamine and di-isopropylberyllium react 
with the elimination of propane and formation of the l i q u i d 
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dimethylaminoisopropylberyllium ( Pr BeHlE2)^ which evolves propene 
at lOO^C leaving a glassy residue of dimethyl§minoberyllium hydride 
(ME NBeH) This compound has not been further investigated. ^ n. 

Two moles of dimethylamine and di-isopropylbery11ium react 
at jus t above room temperature with quantitative elimination of 
propane and formation of bis-(dimethylamino)beryllium [BeiME^)^-^ 

which i s i d e n t i c a l to the product obtained by reaction of excess 
dimethylamine and diethylberyllium. 
Di-tettiary-butylberyllium. ' 

Di-tertiary-butylberyllium has been prepared by reaction of 
tert-butylmagnesium chloride and beryllium chloride i n ether. D i s t i l ­
l a t i o n of the product, after removing as much ether as possible by 
pumping, yi e l d s a s l i g h t l y viscous l i q u i d boiling at about 60-65°C 
(O.l m.m), which has the approximate composition (Bu2Be^ 0Et2)• 
Refluxing with continuous pumping yields a product containing about 
37 mole f> ether. However, ether-free di-tert-butylberyllium can be 
prepared^' by treatnent of the ether-containing product with beryllium 
chloride and subsequent . " d i s t i l l a t i o n of the di-tert-butylberyllium. 
The pure, ether-free product i s more v o l a t i l e than the ether complex; 
i t freezes at -16°C, has a vapour pressure of 35 25°C and 
i s monomeric i n benzene solution, i n which case i t i s only the second 
known compound ,to contain berylliiim i n the two-coordinate state, 
the other being [j[ME3Si)2lT-I]3^Be which i s also monomeric. '̂̂ * 

Both the ether complex and ether-free product decompose slov/ly 
at room temperature with the evolution of isobutene. 

Pyrolysis of ethereal di-tert-butylberyllium at 150°C gajje 
isobjxteae and a product corresponding to 89 mole ̂  beryllium hydride, 
and pyrolysis at 200°C gave a product corresponding to 96.3 mole ^ 
beryllium hydride, the rest being tert-butyl groups. The l a t t e r 
product i s decomposed at 300°C, and was incompletely hydrolysed by 
water at room temperature. 
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When ether-free di-tert-butylberyllium was pyrolysed "^'at 200°C a 
product corresponding to 97 mole ̂  beryllium hydride was formed, i t 
had a dervsity O.5I s-'Xco. and an X-ray powder photograph contained 
no l i n e s attributable to a c r y s t a l l i n e structure. 

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

Diphenylberyllium can be prepared by reaction of diphenylmercury 
and beryllium at 210-220°C for two hours, ^4,51>14. ^^^^ conveniently 
by heating the same two reagents i n dry .xylene i n a sealed tube at 150°C 
for several days. I t melts with decomposition at 244-248°C and 
i t s dipo! 
heptane. 
i t s dipole moment i s 1 . 6 4 D i n benzene, 4*33^ i n dioxan and zero i n 

51,52. 

The c r y s t a l l i n e product, m.p. 28-32°C, obtained from an ethereal 
solution of diphenylberyllium i s claimed to be thedietherate PhgBe 
(OEt^)^ I t i s said not to lose ether u n t i l heated i n vacua at 130°C. 

10. 
A complex s a l t Li(BePh^) * has been isolated from the reaction 

of diphenylberyllium and phenyl-lithium i n ether, followed by r e c r y s t a l -
l i s a t i b n . i from xylene. C r y s t a l l i s a t i o n from dioxan yield s a product 
Li(BePh^) (diozan). containing four molecules of solvent. The diphenyl 

4> 20. 
derivatives of magnesium, cadmium and zinc form similar-compounds. 

I t has been shown by Dessey that there i s no exchange between 
diphenylberyllium and beryllium bromide (with a Be 'tag' ) i h ether 
solution and i t i s suggested that the complex formed may be formulated 
at PhgBe.Be.Brg Similar claims were made i n respect of phenylmagnesium 
bromide, which i s now known to exist as a monomer PhMgBr.(0Et„)„ by 

67. ' 
X-ray d i f f r a c t i o n , 'and there i s now considerable doubt about the 
re s u l t s obtained by isotropic exchange for both berylliiim and magnesium 
compounds,. 
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Bipyridyl complexes 
An unusual series of coloured b i p y r i d y l complexes of the 

organo and halide compounds of beryllium of the type, X^Behipy, has 
been prepared. These compounds, t h e i r colours, t h e i r long wave-length 
absorption bonds ( A ), and molar extin-ttion coefficients are 

max 
tabulated below: 

X i n X^Be.bipy Colour , v Molar extinction , 
^ A ° ^ - M coefficient, XIO"^ 
CI. White 352 i n f l . 1.2 
Br. Pale cream 364 2.4 
I . Yellow 368 7.0 
Ph. Yellow 353 i n f l . 0.5 
Me. Yellow 395 2.7 
Et. Red 461 3.7 

Reaction of b i p y r i d y l and di-isopropylberyIlium, isopropyl-
beryllium hydride, and di-n-butylberyllium gave coloured products 
which decomposed rapidly to brown tars. 

The increase i n molar extinction coefficient as the 
electronegativity of X decreases and t h e i r colours are explained 
by electron-transfer from the Be-X bonds to the lowest unoccupied 
molecular o r b i t a l of the b i p y r i d y l . 

Two black c r y s t a l l i n e complexes of beryllium have also 
been prepared: bis-bipyridylberyllium, (bipy)2Be, from reaction of 
the d i l i t h i u m adduct of b i p y r i d y l and dichloro (bipyridyl)beryllium 
i n 1,2-dimethoxyethane and subsequent c r y s t a l l i s a t i o n from benzene; 
l i t h i u m biS-bipyridylberyllate from lithiumbipyridyl and dichloro 
( b i p y r i d y l ) b e r y l l i u m i n ether. This l a t t e r product reacts with 
bromine to form dibromo (bipyridyl)beryllium. 

The magne-Sc properties of bipy^Be and i t s deep colour are 
consistent with i t s formulation as a coordination complex of the bypyridyl 
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anion (bipy~)„Be This formulation has "been confirmed hy 
l O l . 

examination * of the electron spin reasonance of the paramagnetic 
complex. 
Hydride Chemistry of Berylliiim 

Many methods f o r preparing organo-beryllium hydrides have 
been investigated, but i n only a few cases has a pure compound 
been isolated. However, coordination complexes o f these hydrides 
with donor molecules have been prepared and examined i n some d e t a i l . 

A l k a l i metal hydrides ^5>76,77» pg^^^ with beryllium d i a l k l s 
and diaryls with the formation of complex hydrides of the type 
M BeE H , where Ifc Na, R= Me, Et and M= L i , R= Et, Ph. Sodium 

77 • 
hydride reacts with ethereal solutions of dimethyl- and 
d i e thy l b ery I l i u m * forming sodium hydridodimethyl- and hydridodiethy-
beryllates, reaction being complete after refluxing the ethereal 
solutions overnight. Lithium hydride reacts less readily with diethyl-"^^' 
and diphenylberylium and requires a higher reaction temperature. 
The temperatures required f o r reaction are 110°C and 160°C respectively. 
Both l i t h i u m complexes c r y s t a l l i s e from the reaction mixture with 
one molecule of ether, a pure sample of LiEa ,-Be.OEt_ having been 

6̂ d - d . 
only recently prepared. . Sodium hydridodiethylberyllate also 
c r y s t a l l i s e with one molecule of ether per sodium atom, although 
i t i s easily removed during the normal prodess of drying at low 

o 77 
pressure, (dissociation pressure of 17 m.m. at 25 C ) The 

78 
crystal structure of t h i s etherate has been examined * by X-ray 
d i f f r a c t i o n methods and the structure i s shown, figure XIV. 



- 26 -

XIV 

The arrangement of atoms shows the existence of centrosymmetric 
^*4^®2^2 ^̂•̂'''̂  with berylliums linked by hydrogen bridges. The mean 
beryllium-carbon bond length i s I.80S, compared with the value of 
I.84S obtained by addition of covalent radii.'^^* Above and below 
the plane which contains the beryllium atoms and the adjoining methylene 
carbons l i e sodium atoms, and attached to each sodium i s an etheroxygen. 
The beryllium- hydrogen distance i s 1.40^ compares with an average 
value of 1. 33^ found f o r bridging boron-hydrogens i n a number of 
boronhydrides and the sodium-hydrogen distance i s 2.40S , equal to 
that i n sodium hydride. 

I n the preparation of the sodium hydridodialkylberyllates 
i t i s probably that hydride ion displaces coordinated ether, (used 
as solvent): 

H" + RgBe.OSt, » 1 (R_BeH)"" + OEt, 

I t has been shown '̂'̂' that hydride ion w i l l also displace 
trimethylamine: 

Na-H:-, +(Et2;%<-Np^—V NaSt^HBe + Mê N. 
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i n a reaction very similar t o the formation of sodium aluminium hydride 
80 

from sodium hydride and trimethylamine-alane: 
NaH + H Al^HMe, —>-FaAlH, + Me,N. 

3 3 4 3 
. The reactions of some of the comp5.ex hydrides with beryllium 

n f\ 77 
chloride have been investigated ' and have enabled the preparation 
of various alkylberyllium hydrides to be carried out. 

76 
A preliminary investigation * showed that ethereal solution 

containing l i t h i u m hydridodiethylberyllate reacted with a half molar 
proportion of beryllium chloride, p r e c i p i t a t i n g lithium chloride. 
Evaporation of solvent from the solution l e f t a viscous l i q u i d of 
approximate constitution Et.Be-H Similar reactions between 
UaR-HBe, where R = Me, Et, and beryllium, chloride have been i n v e s t i -

77. • 
gated more f u l l y . * Thus reaction of the sodium hydridodialkyl-
beryllates with h a l f molar proportions of beryllium chloride jields 
species i n solution of approximate constitution "R Bê H I n the 
view of the reactions of the species "R Be H R = Me, Et;-, with 
with t e r t i a r y amines, i t i s probablg that they consist of a mixture 
of solvated dialkylberyllium and solvated alkylberyllium hydride, 
thought the existance of d i - and t r i - rauclear species cannot be 
disregarded. Evaporation of solvent from an ethereal solution of 
"Me.Bê H" and prolonged pumping at room temperature gave an o i l y 

4 J ̂  II 
residue of approximate composition "Mê Bê H ̂ .OEtg, which could be 
regarded as some kind of electron-deficient complex between 
dimethylberyllium and methylberyllium hydride, such as figure XV. 

Hv Me-.. Me, Me, .H .^Me 
Be Be' Bf Be jBe 

Me'' 'H'' 'W' 'Me' 'Me' V" OEt 
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I n reaction with donor molecules solutions of "R̂ Bê Ĥ " 
behave as a mixture of RgBe and "RBeH", thus addition of 
trimethylamine to "Mê Bê Ĥ " yields a mixture of the dimethylberyIlium 
complex ^* Mê Be HMe, and the trimethylamine complex of methylberyllium 

81. 
hydride. ' The hydride complex being less v o l a t i l e (vapour pressure 
i s 1.8 m.m. at 60°C,) than the dimethylberyllium complex (vapour 
pressure i s 1.8 m.m. at 30°C) separation by fra c t i o n a l condensation 

81 ' 0 was possible. * The pure complex, (MeBeH^Me^), melted at 73-74 C 
and was found to be dimeric i n benzene. From the vapour pressure 
equation: 

log^QP(m.m.) = 7.483 - 24394. f o r l i q u i d 73-115°C 
the latent heat of vapourisation i s 1L2 Kcal* mole . the extrapolated 
b o i l i n g p i n t is.257°C and the Trouton constant 21.1. The normal 
Tro;uton suggests that there i s no change i n degree of association 
during the process of vapourisation; thus i t i s l i k e l y that the vapour, 
at least up to 110°C, consists mainly of dimer. Attempts to measure 
the molecular weight of the hydride as vapour at higher temperatures 
(l45°-175°C) were not successful '̂'̂' due to some decomposition; however 
the vapour appeared to be monomeric at 175°C and to become more associated 
at lower temperatures. The hydride diraer i s formulated with a hydrogen 
rather than a methyl bridge, as shown i n figure XVI, because the coniplex. 
i s not decomposed by excess trimethylamine whereas the methyl bridges 
between beryllium atoms i n the dimethylberyllium polymer are cleaved 
by trimethylaraine. 4. 

Me 
Be 

•H.. Me 
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I n addition, studies of reactions between dialkylaluniinium hydrides 
and donor molecules have shown that hydrogen bridges i n these 
compounds are less readily cleaved than are the methyl bridges i n 
trimethylamine. 

I n attempt to prepare monomeric complexes, L̂ BeMEH, of 
methylberyllium hydride, the reactions of "Me.Be,H_" with donor 

^ 77 81. 
molecules which readily form chelate complexes were investigated, ' 
but with l i t t l e success. 

Thus addition of b i p y r i d y l to ethereal "Me.Be-H " resulted 
35. 4 J & i n p r e c i p i t a t i o n of yellow Me^Bebipy, leaving a deep red solution. 

Though the red colouration was probably due to MeBeH.bipy, the red 
colour soon turned to a dark brown and removal of solvent gave only 
an intractable t a r . Evidently the Be-H groups had reacted with 
b i p y r i d y l . A similar reaction i s observed i n the bipyridyl-aluminium 
V, J - J -, 82. hydride complex. 

Reaction of "Me.Be.H " with N,N,1T',N' - tetramethylethylenediaraine 
35. 

gave the known chelate complex of dimethylberyllium ̂ * and a white, 
apparently amorphous precipitate which was insoluble i n ether, benzene, 
carbon disulphide and carbon tetrachloride. I t did not fume i n a i r 
and analysis showed i t to correspond to the formula QleBeH) Mê NCHg 
CĤ NMEir] I t appears that the hydrogen bridge i s present, resulting 

c. c. n. 
i n a polymeric constitution as hhown i n figure XVII. 

-»Be Be -̂N N-*Be' V^^H N — 
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Similarly, reaction with 1,2-dimethyoxyethane gave a mixture 
of s o l i d and l i q u i d products. The soli d was sublimed from the mixture 
at 50°C i n vacuo, and shown to be the known c4ielate complex of 1,2-
dimethoxyethane and dimethylberyllium. The residue was a viscous 
o i l , which corresponds to the formula Ij^MeBeE)^ MeOCĤ CHgOMEĵ  and 
i t s constitution i s probably polymeric and similar to that suggested 
f o r the tetramethylethyleii'ediamlne complex.' 

Attempts to prepare alkylberyllium hydrides, RBeH, by sublimation 
of di a l k y l b e r y l l i u m from the complex mixtures "R̂ Bê Ĥ  were not successful. 
Thus sublimation of dimethylberyllium from the solid residue "Me.Be H " 

77 8l o 4 3 
(from 21TaMe2HBe + BeClg) w^s apparent at 60 C/o.OOl m.m. 
However, there was no indication of any pause i n the evolution of 
dimethylberyllium at a stage corresponding to a residue of methylberyllium 
hydride. Sublimation i n the range 170-210°C resulted i n extensive 
disproportionation: 

Me Be/ x H —>Me _ Be/ ^ Hm + Me.Be 
n (n^2 + ^/2^ ^ + ̂ 2 - I 

which continued u n t i l the hydride; methyl f a t i o was about 10:1. A 
greater hydride: methyl r a t i o was not achieved by reaicStion at higher 
temperatures on account o f thermal decomposition of dimethylberyllium. 

Diethylberyllium was found to separature more easily from 
"Et^Be^H^" and a glassy residue, consisting mainly of ethylberyllium 
hydride, was olifeined by heating "Et^Be^Hg" at lO-QO^C f o r eight hours. 
The coiirse of fu r t h e r reaction at higher temperatures was greatly 
affected by the composition of the ethylberylliumlijaydride - diethylberyllium 
solution. 

The composition of the ethylberyllium hydride - diethylberyllium 
mixture, "Et .Be H " depended on the actual experimental techniqueuused. 4 3 
I t was found, during the course of several experiments, * that sodium 
entered the solution and was present i n the residue after pyrolysis. 
This was confirmed by ref l u x i n g excess sodium hydride with solutions of 
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"Et^Be^H^". The ethyl: hydride ratio--, (i^jjSolution) was alwayg 
greater than 2:1 and concentration of the solution yielded lJaBt2HBe. 
I t was assumed that sodium entered the solution as ether-soluble 
UaEt HBe and hydride was removed as an insoluble complex hydride. 
This was l a t e r confirmed by preparation of sodium beryllium 
hydride, Na2BeH^, by reaction of sodiiim hydridodiethylberyllate 
and a quarter molar proportion of beryllium chloride, followed by 
pyrolysis at l80°C of the residue obtained by f i l t r a t i o n and concen­
t r a t i o n of the solution. 

4 lIaEt2HBe + BeCl^ > 2 NaCl + Na^Be^EtgH^ 

"NagBs^EtgH^" ^ i ^ ^ - i > 4 Et2Be + Na^BeH^ 

The i n v o l a t i l e residue was insoluble i n ether and showed 
a clear X-ray pattern. I t was more stable than beryllium hydride 
decomposing to give hydrogen, sodium vapour and an i n v o l a t i l e residue, 
presumed to be beryllium, at 380r400°C. Na^BeH^ was formulated 
as an electron-deficient polymer, probably containing units similar 
to the BegHKa^HBeg units shown to be present i n the crystal structure 
of NaEtgHBeOEtg 78. rather than a sa l t l i k e IfaBĤ .. 

Thus, the entry of sodium into the "Et^Be^H^" solutions was 
probably via a reaction of the type: 

4 FaH + "Et^Be^H^" ^ 2 ETaEt̂ BeH + Na^BeH^ 

The presence of sodium in.solution had a great effect on 
the extent of disproportionation of the residue during pyrolysis. 
Thus, i n an experiment when excess sodium hydride, from the preparation 
of NaEt2HBe, v/as allowed to react with the "Et^Be^H2" solution before 
f i l t r a t i o n the residue obtained by pyrolysis at l80°C. 
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correspondedapproximately to a mixture of BeH2 (§ mi)l.) + I3'a2Be2Hg(3 mol.) 
or BeH^ (8 mol) + Wâ BeĤ  (3 mol). .Whereas, i n another experiment, 
where excess sodium hydride was eliminated by modification of experimental 
•technique, the residue obtained by pyrolysis at l80°C analysed to 
give a hydrogen: ethyl r a t i o of only 2.55"I« ^ trace of chloride 
(from a s l i g h t excess of berylliyiUchloride), but no sodium was detected 
i n t h i s product. 

Unlike dimethyl- and diethylberyllium, which decompose at elevated 
temperature to give a complex mixture of products, di-isopropylberyllium 
and some of i t s derivatives *̂ decompose with evolution of propene 
at elevated temperatures and' formation of "half-hydride" derivatives 
of beryllium: 

Pr^Be 1 ^ Cji^ + ( P r S e H ) ^ 

PrjBe^OTE^ ^ (C H + (Pr^BeH.Me ) ^ 3"6 

(Pr^BeUMe^)^ '̂ ^̂  ̂  ) Ĉ Ĥ  + (HBelfflE^)^^ 

These compounds- have not been further investigated and could 
well provide a useful preparative route to beryllium hydrides. A 
similar possible source of hydride derivatives i s dir-tertiary-butyl-
beryllium and i t s derivatives. Pyrolysis of BUg Be at 200°C 
provides beryllium hydride and i t i s reasonable to expect that 
controlled pyrolysis at lower temperatures could result i n formation 
of "half-hydride" derivatives. 

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

Dimethylberyllium reacts with dimethylaluminium hydride i n 
the absence of solvent. Although trimethylaluminium was formed 



- 33 -

as indicated by the equation below, a product free from methyl groups 
could not be obtained.. 

2 Me2AlH + Me2Be » 2 Me^Al + BeH2 

Wo better results could be obtained i n isopentane-- solution, and i t 
was suggested that the intermediate occurrence of reversible reaction: 

Me2Be + Me2AlH , Me^Al + "MeBeH" 
could explain the results. 

A more successful method involves reaction of diethylberyllium 
77. 

and triethylstannane i n ethereal solution ' Tetraethyltin and 
ethylberyllium hydride are formed; hydrolysis of the i n v o i a t i l e residue 
l e f t a f t e r evaporation of the t e t r a e t h y l t i n yielded ethane and hydrogen 
i n the r a t i o 1.016:1. 

Et^SrSH + EtgBe — ^ Et^Sg + "EtBeH" 
Ethylberyllium hydride prepared by t h i s method was characterised 

77 
by conversion into i t s trimethylamine complex, (EtBeH.NMe^)- ' which 
i s dimeric i n benzene and i s formulated with a hydrogen bridge, l i k e 
i t s methyl analogue. A similar exchange takes place when triethylstannane 
i s heated with triethylaluminium (giving Et2AlH), though t h i s 
reaction i s i n h i b i t e d by ethers and t e r t i a r y amines. Assuming exchange 
with Et^Al involves an electron-deficient intermediate, i t i s reasonable 
to exi>ect that exchange should be inhibited by reagents which remove the 
electron-deficiency of Et^Al by formation of coordination complexes. 
Since there i s evidence that electron-deficient bridges persist i n 
dimethylberyllium i n the presence of ethers and trimethylphosphine, ^' 
i t i s not surprising that the t i n hydride-alkylberyllium exchange 
reaction takes place i n the presence of diethyl ether. 

Lithium aluminium hydride reacts with dimethylberyllium i n 
ethereal s o l u t i o n with elimination of methane and precipitation 4f 
a white, insoluble, i n v o l a t i l e s o l i d . Although claimed to be 
beryllium hydride, the only impurity being ether, i t was la t e r shown 
to be inseparably contaminated with aluminium and lithium. 
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The reactions of bis-( dimethylaminoJlferyllium v/ith several 
alkylaluminium hydrides, trimethylamine-alane and trimethylalumiriiaimii 

102 
have been investigated. 'The studies indicate that dimethylamine-
hydride exchange i s coijiplete between aluminium hydrides and bis-)dimethyiamino 
beryllimwhere as under similar experimental conditions, no exchange 
with trimethylaluminium and Be(fflE2)2 was observed. 

A surface reaction between l i t h i u m hydride and beryllium 
chloride has been reported, but no product was isolated. 

Beryllium borohydride, ( B e ( B H . i s most conveniently prepared 
by the reaction of l i t h i u m borohydride and beryllium chloride at elevated 

87 
temperatures. I t i s a white, v o l a t i l e s o l i d , monomeric i n the vapour 
phase, and i t s vapour pressure i s 760 m.m. at 91'3°C ^' 

The reactions of beryllium borohydride v/ith ethers have been 
88 

investigated. I t i s reported * to be soluble i n anisole, diethyl 
ether and diphenyl ether, but insoluble i n tetraihydrofuran, 1,2-dimeth-

89. 
oxyethane, and someGthers. However, more recent investigations 
have shown that beryllium borohydride reacts exothermically with diethyl 
ether, tetrahydrofuran and 1,2-dimethoxyethane. A 1:1 adduct, BeB2HgOEt2 
i s formed with d i e t h y l ether which i s reported to be monomeric i n 
benzene. A convenient preparation of t h i s i s by the metathetical . 
reaction between beryllium chloride and l i t h i u m borobydride i n ether 

91. 
solution * Tetrahydrofuran forms a c r y s t a l l i n e 4:1 complex, soluble 
i n tetrahydrofuran and i s formulated as a s a l t [(Be(THF)4"] {BE^)^ 

Excess isobutylamine precipitates tetrakisisobutylamineberyllium 
borohydride from an ethereal solution of beryllium borohydride. I t i s 
formulated as a sal t Cse(Bu^liIH2)^l "̂̂ 4̂̂ 2 tetrahydrofuran 
complex. The complexes formulated as salts L^eL.J (BH^) have infrared 

91 - 4 4-2 
spectra t y p i c a l , * i n the region 2200-2300 cmt of those compounds 

92. 
containing the borohydride ion. 

1,2-Dimethoxyethane reacts with beryllium borohydride i n an 
unexpected manner. I t did not give the chelate complex [̂ Be(MeOCgĤ OME)] 

'2"4 
gave 

a c r y s t a l l i n e compound i n which the 0:Be r a t i o i : was about lil. 

(BH.)_ analogous to the tetrakistetrahydrofuran con^lex, but gave 
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This compound has not been further investgated. 
The reactions of beryllium borohydride with amines and phosphines 

8 
have been studied. Trimethylamine reacts forming a 1:1 adduct, 

93 
Mê jN->BeB̂ Hc> which i s monomeric i n the vapour phase. Trimethyl-, 

' 89. 
t r i e t h y l - , 93. and triphenylphosphine a l l react to form 1:̂ . adducts 
E,P-»BeB^Ho which are monomeric i n benzene. By various displacement 

' 91. 
reactions i t was found that the donor strength ' of ligands to 
beryllium borohydride was Me^N>Me^P, (Et^P,Ph^P)> Et20. 

Reaction of the 1:1 adducts with excess ligand has been investigated 
and some unusual features have been discovered._ 

8 
TrimethylamineberyIlium borohydride reacts * with excess 

trimethylamine at 95°C over a period of t h i r t y hours, with the formation 
of trimethylamine-borane: 

Mê W.Be B„HQ + Mê U-*Mê N.BH, + "Mê U.BeBĤ ". 3 2 t S 3 3 3 3 5 
The second product, Me^ff.BeBHp although not f u l l y characterised, 

reacts with diborane to give pure beryllium borohydride. Some trimethy­
lamine could be removed from Mê N.BeBĤ  at 100°C, the process being 
reversible. 

The phosphine adducts react with excess phosphine with formation 
89 93. 

of approximately 2 mole.s of phosphine-borane: ' 
R̂ P-̂ BeB̂ Hg + R^P—»2R^P<-BH^ + BeH2 

The extent of removal of borane as phosphine-borane was found 
to be dependant on experimental conditions. Thus, i n absence of 
solvent beryllium borohydride reacts with excess trimethylphosphine at 
70°C with approximately 80?^ removal of boron from the borohydride as 
trimethylphosphine-borane. I n contrast, i f triphenylphosphine and 
beryllium borohydride, i n 2:1 molar quantities, are heated i n xylene 
solution at 150°C f o r six hours, 97^ of the boron content of the 
system was isolated as triphenylphosphine-borane. The'-' other product 
was beryllium hydride, which was found to be 80.7 weight ̂  pure, the 
impurity being i d e n t i f i e d as Ph^P.BH^. Thus the beryllim hydride was 
the purest yet isolated, corresponding to 99•! mole ̂  BeH 
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I t i s interesting to note that although trimethylamine w i l l 
displace t rime thy Iphosphine from the complex Me^P->BeB2Hg which 
the phosphine i s bonded to the beryllium atom, trimethylphosphine 

g 
i s more e f f i c i e n t than trimethylamine ' i n removing boron from 
the borohydride as the borane adduct. 

93. 
Coates and Banford * point out that t h i s i s i n agreement 

with the greater donor strenth of Me,P to boron i n the adduct Me,P->BH • 
^ 94. ^ ' 

compared to that of the amine adduct, Me,N-*BH- The unexpected 
reversal of donor strenth of N,P,As,Sb i n adducts of the type L-*BĤ , 
i s explained by postulation that the 3r bond i s reinforced by back-
coordination from BH^ i n a IT type interaction with a vacant <^Trorbital 
on the donor atom. 
Infrared Spectra of Alkylberyllum Hydride Complexes 

The 0->l v i b r a t i o n a l t r a n s i t i o n of the ground s t a t e ) 
of the BeH molecule, derived from band heads and band origins i n emission 
electronic spectra, i s at 2056.8 cm,'''and at 2087-7 cm."''for the 
f i r s t excited'H-state. Thus a terminal Be-H group could be expected to 
cause absorption near 2100 cm, and a similar conclusion i s reached by 
considering the change with atomic rsamber of the stretching frequencies 
of the hydrides of the other elements of the f i r s t short period. By 
analogy, with the vi b r a t i o n a l modes of the BĤ B groups i n diborane 
and the various methyl- and e t h y l - diboranes, the vibrational moles 
of the bridging hydrogen atoms i n a BeĤ Be group, of mainly, stretching 
character, should cause absorption at frequencies well below 2100 cm. 
for , whereas, the terminal B-H bonds usually cause absorption i n the 
2200-2500 cm. region, the two modes due to the BH2B bridge i n diborane 
are at 1915( ^13 symmetrical out-of-phase) and I6O6 cm. ( Mff asymmetric 
in-phase) The alkyldiboranes provide a closer analogy to the 
beryllium compounds formulated as (MeBeH^NMe^)2 with BeH2Be bridges, 
i n the former the weak absorption corresponding to V,̂  i s observed at 
1972 (Me^B2H2), 1880 (Me^H^H^) and at I852 cm. (Et^B^H^), whereas 
the very strong absorption corresponding to M7 i s observed at I605, 
1605 and 1582 cm. """in the three compounds, changing to II86, II83, and 
1166 cm. on deuteration. '̂̂ * 
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77 
A comparison * of the infrared spectra of (MeBeH<-lTMe^)2 

and i t s deutero-analogue, (MeBeD<-lTMê  )^ shows that a strong absorption 
-1 ' -1 at 1344 cm. i n (MeBeH*-Me, )^ which movesto about. 1020 cm. i n the 

deutro-analogue aiS. due to one of the (BeĤ Be) stretching modes. Thecsame 
—1 

absorption due to V (BeHgBe) i s found at 1333 cm. i n the spectrum of the 
ethyl derivative (EtBeH*-Me ) 

3 2.-,-,̂  
Similarly by comparison * of.the infrared spectra of UagMe^HgBeg 

and Na»Me.D„Be„ which are reasonably expected to containrBeH_( or D^) Be] 
' ~ 78. bridges are shown to occur i n If^ Et^H2Be2 by X-ray d i f f r a c t i o n analysis 

i t has been concluded that absorptions due tb> the (BeH.Bê  bridges are at 
-1 " 2 _1 „ 

1325 and 1165 cm; those due to|BeD2B^ being at 917 and 869 cm. Comparison 
of infrared spectra of lTa„Et.H_Bê  and Ua„Et.D^Be^ . although the spectra 

d. e\ d d d ^ d d, _2 
are more complicated as expected^ shows V (BeHgBe) at 1294 and IO65 cm. 
andV (BeB^Be) at 951 and 835 cm. 

These assignments are confirmed by comparison of the spectra 
of ITa_Me.Ĥ Be_ and Fa^(Cl',). H Be„ Thus i t i s concluded that absorptions 

d e\ d d d i d d* , , 
due to^(BeH Be) are at 1325 and II65 cm7 i n Na„Me.H^Be„ at 1333 and II64 cm7^ 
i n ITa_(CDj. H Be^ and at 920 and 870 cm. i n lTâ Me.D_Bê  

d i ^ d d, d i\ d d. 

As mentioned above, by comparison of the spectra of various neutral 
beryllium hydride complexes, absorptions due toV(BeH2Be) have been 
i d e n t i f i e d at 1344 om7''" i n (MeBeH*-Me,)o and at 1333 cm.̂  i n (EtBeH<-]ffleJo 

5 d^ i d. 

The absorptions expected at lower frequencies, corresponding to 
(asymmetric in-phase) vibrations of diborane, are now realised to 
be obscured' by absorptions due to the amine. 

The spectrum of (MeBeH*-KMe,)„ as saturated vapour has also 
77 - ov been recorded, and at .falgWerfc temperatures ^Ais^drssimilar to 

the spectrum ofassolution i n cyclohexane, jBe) toiitJ.' - at 2J4l cm. 
appeared. This postulated as being due to terminal(Be-H) i n monomeric 
MeBeH^Me^ since vapour density measurements indicated extensive 
dissociation with increasing temperature (l45-175°C^ Thus between 65° 
and 80°C the concentration of monomer i n the saturated vapour could 
begin to be s i g n i f i c a n t . Experimental d i f f i c u l t i e s made study of the 
unsaturated vapour at higher temperatures impossible. 
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The infrared spectra of various samples of beryllium hydride, 
of varying p u r i t y , have been examined. Thus, the main feature of 
a sample, of approximate compositionRBeH ) . N a l i l , ^ ^ ' was rather 

_1 ^34-
broad absorption centred on 1750 cm. The material was X-ray amorphous 
and regiard as a cross-linked disordered polymer. Similar absorptions, 
centred at I75O-176O cm.,̂ .have beeh observed and iare^.due :to 
(BeHBe) bonds i n the cross-linked polymer. 
Coordination chemistry of the organo-derivatives of other Group I I metals 

The coordination chemistry of the organo-derivatives of calcium 
strontium and barium has been l i t t l e studied. The organiti derivatives 
of these metals are highly reactive andresembls" methyl l i t h i u m i n 
many of t h e i r reactions. I n contrast, the group IIB metals alkyls 
and t h e i r coordination chemistry have^been studied i n some d e t a i l . 
The large increase i n electronegativity i n going from the t y p i c a l 
elements to those of the B sub-group i s reflected i n the properties 
of t h e i r organo-derivatives. Thus whereas, zinc, cadmium and mercury 
a l l form covalent organo-derivatives, the dialkyls being v o l a t i l e 
l i q u i d s , easily soluble i n hydrocarbon solvents, and monomeric i n 
the l i q u i d and vapour phase; the lower dialkyls of beryllium and 
magnesium r e f l e c t the lov/er electronegativities of the metals i n being 
highly electron-deficient solids and liquids of polymeric constitution. 
The decrease of r e a c t i v i t y with increasing electronegativities i n the 
sequence zinc, cadmium, and mgrcujy i s i l l u s t r a t e d by the behaviour 
of the lower alkyls towards water; the dialkyls of zinc are hydrolysed 
with explosive violence, those of cadmium slowly and those of mercury 
hot at a l l . 
Magnesium 

Apart from the extremely useful, and well-known Grignard 
reagents, magnesium forms d i a l k y l - and diary1-derivatives. Like the 
analogous berylli«mderivatlve?, the organo- derivatives of magnesium 
exhibit electron deficiency. Indeed, dime^hylmagnesium i s apparently 
a more strongly bound polymer than dimethylberylliura, since the former 
i s only s l i g h t l y soluble i n diethyl ether, ^^^^^^^ l a t t e r 
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i s easily soluble. The chemical evidence has found support i n the 
recent X-ray struct u r a l analysis of dimethylmagnesium, which reveals 
a Ipng chain polymeric constitution. An unstable, crystalline mono-
diethylether complex of diethylmagnesium has been reported, 1̂ '̂ond 
vapour pressure measurements of some sclutions of die t h y l - and dipropyl-
magnesium i n ether-tetrahydrofuran mixtures diow that an equilibrium 
exists i n solution ̂ '̂̂ ' 

R^Mg^OBi^ + THF y R^Mg^^TEF + Et^O 

Dimethylmagnesuim absorbs trimethylamine reversibly, i n contrast to 
dimethylberyllium which forms a stable, v o l a t i l e 1:1 complex ̂ ' and an 

34. 
unstable 2:1 complex; and several v o l a t i l e , chelate complexes of 
R Mg with ir,lI,N',lT' - tetramethylethylenediamine, (R ? Et,Pr,Pr ^, Bu?°.) 

108 
are also described. -' The 1T,N,I[,'N' - tetramethylethylenediamine 
complexes of dimethyl and diphenylmagnesium are also described as 
cr y s t a l l i n e solids, as are the 1,2- dimethoxyethane complexes, and 

109. 
a bis-tetrahydrofuran complex of diphenylmagnesium. 

Reactions of dialkylmagnesium derivatives with donor molecules 
containing active hydrogen atoms have not been f u l l y investigated. 
Hov/ever, N, IT, N' - trimethylethylenediamine does react with dimethyl-

109. 
magnesium i n 1:1 proportions, with the elimination of methane, to give' (MeMgKMe.C-H ,Me)_ which i s dimeric i n benzene, analogous 

d i\ d df 

to the corresponding beryllium compound. 
Zinc 

Due to the low p o l a r i t y of the zinc-carbon bond, organo-zinc 
compounds had generally been thought of as being unable to form neutral 
electron donor-acceptor complexes; indeed trimethylamine and t r i e t h y l -
phosphine have been reported as not reacting with diethylzinc.''"'^^* 
I t i s only quite' recently that the f i r s t examples of weil-defined 
coordination complexes have beeh described. An indication of t h e i r 
existance was Prankland's observation that the use of dimethyl 
or d i e t h y l ether as a solvent greatly f a c i l i t a t e d the formation 



- 40 -

of dimethylzinc from zinc and methyl iodide, but t h a t complete separation 
112« 

from the product was impossible. A recent r e i n v e s t i g a t i o n * of the 
dimethyl ether-dimethylzinc system demonstrates the formation of a 
1:1 coraplez, which could, however^he c o n ^ l e t e l y separated i n t o the 
component compounds by d i s t i l l a t i o n through an e f f i c i e n t f r a c t i o n a t i n g 
column. A series of l i q u i d adducts w i t h c y c l i c eftiers were also reported. 
The adducts could be ' d i s t i l l e d a t atmospheric pressure without decompn-
o s i t i o n , but were found t o d i s s o c i a t e i n benzene s o l u t i o n . The strength 
of the bond between ether molecule and dimethylzinc, and p o s s i b i l i t y o f 
co o r d i n a t i o n o f a second ether molecule was found t o increase from 
ethylene oxide t o pentamethylene oxide. Thus, only 1:1 complexes were 
formed w i t h ethylene oxide and trimethylene oxide, whereas tetrahydrofuran 
and pentamethylene oxide y i e l d e d 2:1 complexes. On s t e r i c grounds the 
reverse t r e n d would be expected, and i t was concluded t h a t the major 
i n f l u e n c i n g f a c t o r was the o r i e n t a t i o n or the p-character of the oxygen 
o r b i t a l s , which would vary w i t h the r i n g s i z e of the ether. 

C r y s t a l l i n e , and presumably chelate 1:1 complexes were formed 
by r e a c t i o n o f ^^-^^ w i t h 1,4 - dioxan and 1,4 - t h i o x a n . These 
complexes can be d d i s j b i i i e d w i t h o u t decomposition, as can the l i q u i d 
complexes, c o n t a i n i n g two ether molecules to one zinc atom, formed 
by r e a c t i o n of a l i p h a t i c ethers, such as 1,2 - dimethpxyethane, w i t h 
d i m e t h y l z i n c . However, these 2:1 complexes d i s s o c i a t e i n benzene 
s o l u t i o n i n t o a 1:1 complex and f r e e ether. D i a r y l z i n c d e r i v a t i v e s 
y i e l d s i m i l a r 1:1 complexes wi t h l , 4 - d i o x a n . 

Dimethylzinc and t e r t i a r y amines y i e l d d e f i n i t e c o o r d i n a t i o n 
complexes, one or two molecules of trimethylamine r e a c t i n g w i t h 
one molecule of dimethylzinc t o give l i q u i d adducts. The 1:1 complex 
d i s t i l s a t 84°C, w h i l s t the 2:1 complex dist:.als at 84.5°C, suggesting 
t h a t d i s s o c i a t i o n i n t o 1:1 complex and amine occurs during d i s t i l l a t i o n , 
a process which i s dbserved v/hen the 2:1 conrplex i s dissolved i n benzene. 
Triethylamine and p y r i d i n e y i e l d only 2:1 complexes, which are l i q u i d 
and s o l i d r e s p e c t i v e l y ; both d i s s o c i a t e i n benzene s o l u t i o n y i e l d i n g 
the 1:1 complex and f r e e amine. N,1T,II',1T' - Tetramethylethylenediamine, 



- 41 -

2,2'-'bipyridyl and 1,10- phenanthracene react w i t h dimethylzinc x i e l d i n g 
chelate compounds, which may be suhlimed without- decomposition i n 
vacuo. A series of 2:1 c o o r d i n a t i o n complezes between dimethyl- , 
d i e t h y l - , and d i b u t y l z i n c and the t e r t i a r y amines, p y r i d i n e , q u i n o l i n e 

117. 
and i s o q u i n o l i n e have been examined, * a l l d i s s o c i a t i n g when dissolved 

i n benzene s o l u t i o n . 
A pale yellow, chelate complex obtained from dimethylzinc and 

2,2' - b i p y r i d y l , and the orange compound, Etp?n.bipy, have also been • 
reported i n connection w i t h a study of a series o f coloured b i p y r i d y l 
complexes of b e r y l l i u m a l k y l s . The b i p y r i d y l complex of d i a l l y l z i n e i s 

l l 8 
mentioned i n connection w i t h the p r e p a r a t i o n of d i a l l y l z i n c . 
More r e c e n t l y the 1,10 -phenanthracene and 2,2' - b i p y r i d y l complexes 
of organozinc compounds have been prepared, and have been the subject 
of an u l t r a - v i o l e t and v i s i b l e spectroscopic study. •̂•'•̂» 
colours of the complexes L.ZmR^ ( L = bipy.or phena.: E = Et,Pr^,Bu", 
Ĝ Ĥ  or ^"^F^)) was found t o depend on the e l e c t r o n e g a t i v i t y of the 
organic group'i R. I t was concluded t h a t the observed spectra are 
due t o a charge-transfer process i n v o l v i n g donation of electrons from 
the zinc-carbon bonds i n t o the lowest, unoccupied molecular o r b i t a l s 
of the l i g a n d . However, i n contrast t o the s i m i l a r b e r y l l i u m complexes, 
the i n t e n s i t y of the charge-traifcer bond increased w i t h i n c r e a s i n g 
e l e c t r o n e g a t i v i t y of E, and the authors suggest t h a t p a r t i c i p a t i o n 
of the 3d. o r b i t a l s of the zinc atom i s important. A series of complexes 
of d i b u t y l - , , diphenyl-, and bis-pentafluorophenylzinc w i t h a v a r i e t y 

120. 
of donor molecules has been described. ' Chelate complexes w i t h 

1,2 - dimethoxyethane, m,N,W,N', - tetramethylethylenediamine, 1,2-bis-' 
diphenylphosphiheethane) and o-phenylene-bis(dimethylarsine) were 
prepared; as were the 2:1 complexes of triphenylphosphine and ^nEg 
The i n c r e a s i n g e f f e c t of i n c r e a s i n g e l e c t r o n e g a t i v i t y of E was found 
to- have a considerably e f f e c t on the s t a b i l i t y of .the cogiplexes. 
Thus, d i b u t y l z i n c forms a complex w i t h 1,2 - dimethoxyethane, which 
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i s t h e r m a l l y very unstable, (complete d i s s o c i a t i o n a t 40°C and 0.01 m.m.), 
and f a i l s t o form a complex w i t h triphenylphosphine. S i m i l a r l y , the 
l i q u i d complex formed by the c h e l a t i n g arsine slowly loses d i b u t y l z i n c 
v/hen heated i n vacuo. I n contrast,, the phenyl- and pentafluorophenyl-
d e r i v a t i v e s form very stable complexes, which are c r y s t a l l i n e s o l i d s 
as apposed t o l i q u i d s , a n d i n a l l cases the melting^pointscof the complexes 
increased i n the order: Bn^T-nd^Th^nK {C^F^)^Z.n. The incre a s i n g 
e l e c t r o n e g a t i v i t y o f E brings about a corresponding increase i n e l e c t r o n -
a f f i n i t y o f the vacant o r b i t a l s o f the zinc atom, causing the zinc atom, 
t o become a stronger electron-acceptor. I t i s evident t h a t s t a b i l i s a t i o n 
of complexes of phosphoRUifc and arsenic ligands by dTT - dlT back-coordination 
between the f i l l e d o r b i t a l s of the zinc and the emp'\j;y d o r b i t a l s on 
the ligands cannot be of great s i g n i f i c a n c e , as the increase i n strength 
o f the C bond between z i n c and l i g a n d as the e l e c t r o n e g a t i v i t y of E 
increase necessarily decreases the p o s s i b i l i t y of back-coordination. 

121 122. 
The r e a c t i o n s of zinc d i a l k y l s and various alcohols, ' 

123,132. • ^ ^. 125,133. u V ^ V ^ V ̂  X.. 
amines, ' and phosphines have beeh observed, but the 
compleXa-1 r e s u l t i n g from e l i m i n a t i o n of only one a l k y l group was e i t h e r 
not i s o l a t e d , o r . i f i t was, very l i t t l e i n f o r m a t i o n on i t p r o p e r t i e s , 
apart from s o l u b i l i t y i n non-polar solvents, was reported. The a c i d o l y s i s 
of zinc d i a l k y l s by p - t o i i i d i n e has been the subject of a k i n e t i c study, 

1 OA 
but the intermediates EZn.KHC-H. CH, were not i s o l a t e d 

6 4. 3 
l o r e r e c e n t l y the reac t i o n s of dimethyl- and d i e t h y l z i n c w i t h 

46. 
alcohols, t h i o l s and secondary amines have been i n v e s t i g a t e d . 
The c o o r d i n a t i o n complexes r e s u l t i n g from the displacement of one a l k y l 
group were examined and found t o have i n t e r e s t i n g s t r u c t u r e s . The r e a c t i o n 
o f dimethylzinc i n 1:1 molar proportions w i t h alcohols produced, i n a l l 
cases examined, alkoxides v/hich were t e t r a m e r i c i n benzene s o l u t i o n , 
(MeZn O R ) ^ An X-ray d i f f r a c t i o n study on the methoxide (MeZnOMS)^ 
has 1..g:i revealed anc- cubic s t r u c t u r e , fig.X^'iil-



- 43 -

c o 

W i l l . 

I t i s probable t h a t the other methyl- and e t h y l z i n c alkoxides 
have a s i m i l a r s t r u c t i i r e , and also several tetrameric methylberyIlium 
alkoxides, * Only the phenoxide of the methylzinc alkoxide series 
formed a p y r i d i n e adduct, dimeric i n benzene f i g . '^1^. 

Ph 

Ph 

X i X . 

which suggests t h a t the zinc atoms i n these complejeshave a s u b s t a n t i a l 
degree of coor d i n a t i v e s a t u r a t i o n . I t would be expected t h a t the oxygen 
atom of a phenoxy group would show weaker donor character than t h a t of 
an alkoxy group, accounting f o r the p y r i d i n e adduct. 

T h i o l s , R'SH (R = Me,Pr" and Ph), react w i t h dimethylzinc t o 

give apparently polymeric, i n s o l u b l e s o l i d (Me'Zhai!, which do not 
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react w i t h p y r i d i n e , although the m e t h y l t h i o - d e r i v a t i v e dissolves 
i n p y r i d i n e but loses p y r i d i n e under reduced pressiire: 

(Me2^SMe) - ^ z i ? (Me py^ZnSMe) 
X \ X 

vac 

Branched chain t h i o l s react y i e l d i n g products soluble i n benzene, 
T e r t i a r y - b u t a n e t h i o l y i e l d s perit+.americ products,(RZr£Bu^)ff (R = Me or E t ) , 
and i s o - p r o p a n e t h i o l gave a hexameric product (M£nSPr)^ The p y r i d i n e 

t 
adduct of the t e r t i a r y - b u t y l t h i o d e r i v , (MepyZbSBu was also prepared. 
X-Ray studies on the flentam.erlc (ifeZnSBiS)^: has revealed an unusual 

126 ^ s t r u c t u r e . ' The s t r u c t u r e shown i n f i g . ^V. could be described- as 
two i n t e r p e n e t r a t i n g Squa-e-.bfts«i;-pyramids of zinc and sulphurs r e s p e c t i v e l y . 

Reaction o f dimethylamine w i t h dimethylzinc gave only [(Me2N)2'2>^l^ 
an i n s o l u b l e , i n v o l a t i l e and e v i d e n t l y polymeric s o l i d . I n contrast, 
diphenylamine ^ v e a dimeric product (MeZriNPh2)2, which i s formulated 
w i t h 3-coordinate zinc, f i g . XXI. 

Me-zn. Zn-Me 

v v i . 
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Methylzinc diphenylamide reacts w i t h p y r i d i n e i n an unusiialcfasM-wi. 
Thus, a d d i t i o n o f p y r i d i n e i n p r o p o r t i o n of one g^ktple of p y r i d i n e 
t o one g.atom of zinc d i d not y i e l d the diphenylamino analogue of 
(MeyJ^iZrtOPh)^, but d i s p r o p o r t i o n a t i o n took place g i v i n g Me^^n and py2^(NPh2)2 
Blxcess p y r i d i n e gave b r i g h t yellow c r y s t a l s of MepygZ-i^NPhg. 

Reaction o f dimethylzinc w i t h IT, U, N' - Trimethylethylenediamine 
gave a dimeric product, (MeZhMeC2H^Me2)2 riianall~ogou-sto the b e r y l l i u m 
d e r i v a t i v e . 
Cadmium 

Neutral c o o r d i n a t i o n complexes formed by r e a c t i o n of d i a l k y l and 
diarylcadmium d e r i v a t i v e s w i t h donor molecules are u s u a l l y found t o 
be considerably less s t a b l e than the corresponding zinc d e r i v a t i v e s . A 
number of c r y s t a l l i n e I s l complexes of diarylcadmium d e r i v a t i v e s w i t h 

127. 
1,4 - dioxan have been described. The complexes lose dioxan when 
heated a t 80°-100°C. S i m i l a r complexes of mixed cadium a r y l s , Ar Cd Ar' 
(Ar = phenyl, Ar' = 2 - t h i e n y l ) , have been reported. C r y s t a l l i n e 
chelate complexes of dimethyl cadmium w i t h 1,4 -dioxan, N,N,1I'N', -
tet r a e t h y l e t h y l e n e d i a m i n e , 2,2' - b i p y r i d y l and 1,10 -phenanthracene 

129. 
are reported t o be q u i t e stable thermodynamically, whereas 1:1 
complexes formed w i t h u n i d a i t a t e donor molecules l i k e t etrahydrofuran 
and p y r i d i n e are l i q u i d s which d i s s o c i a t e r e a d i l y at room temperatiire 
and i n benzene s o l u t i o n . I n contrast t o the above the yellow complex 
formed by r e a c t i o n of dimethylcadmium and 2,2' - b y p y r i d y l i s reported 
t o have an appreciable d i s s o c i a t i o n pressure of dimethyleadmium at 

35. 
room temperature, and i s e x t e n s i v e l y d i s s o c i a t e d i n benzene s o l u t i o n . 

U n t i l q u i t e r e c e n t l y the reactions of dialkylcadmium d e r i v a t i v e s 
w i t h molecules c o n t a i n i n g a c i d i c hydrogen atoms had been l i t t l e s tudied. 
A recent study has revealed some i n t e r e s t i n g alkoxy- and a l k y l t h i o m e t h y l 
cadmium d e r i v a t i v e s . Methylcadmium methoxide was found to be too 
i n s o l u b l e i n benzene f o r molecular weight measurements, but the X-ray 

99 • powder p a t t e r n was s i m i l a r t o t h a t of the t e t r a m e r i c methylzinc methoxide 
and a cubic s t r u c t u r e i s proposed f o r the methylcadmium methoxide. 
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The g e n e r a l i t y of the cubic s t r u c t u r e f o r a l k y l - m e t a l alkoxides of 
b e r y l l i u m , zinc and cadmium i s r e i n f o r c e d by the f a c t t h a t the 
methylcadmium ethoxide, i s o - propoxide and phenoxide were found t o be 
t e t r a m e r i c i n benzene s o l u t i o n . However, methylcadmium t e r t i a r y -
butoxide was found t o be anomolous i n being (Simeric. Any explanation 
i n v o l v i n g s t e r i c i n t e r f e r e n c e must also e x p l a i n why any such i n t e r f e r e n c e 
i s more important around the l a r g e r cadmium atom when i t would expected 
to have more in f l u e n c e around the smaller zinc atom. I t i s also s u r p r i s i n g 
t h a t no p y r i d i n e adduct could be prepared from the t e r t i a r y - b u t o x i d e , 
which must be formulated w i t h three-coordinate, and t h e r e f o r e c o o r d i n a t i v e l y 
unsaturated, cadmium - fig:.XXll. 

Me~Cd^ V:d-Me 

The only d e r i v a t i v e t o y i e l d a p y r i d i n e d e r i v a t i v e was the phenoxide, 
as was found w i t h the zinc analogue;^ , 

The r e a c t i o n of dimethylcadmium w i t h methanethiol and thiophenol 
gave iais-oluble products (MeCdSMe) (MeCdSPh) which are assumed t o be 

X, 3C, 

polymeric. These products dissolve i n p y r i d i n e , presiimably as p y r i d i n e 
adducts, but p y r i d i n e i s l o s t under reduced pressure. 

As was found»hthe analogous zinc d e r i v a t i v e s , branched-chain 
t h i o l s gave d e r i v a t i v e s soluble i n benzene. Iso-propan.ethiol reacted w i t h 
dimethyldadmium y i e l d i n g a hexamerid product, (MeCdSPr^)^ as was found 
w i t h dimethylzinc, but t e r t i a r y - b u t a n e t h i o l gave a t e t r a m e r i c product 
(MeCdSBu^)^ the analogous zinc compound being pentameric (MeZnSBu*)^ 
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The author suggests the t e t r a m i c b u t y l s u l p h i d e has a cubic s t r u c t u r e , 
s i m i l a r t o the t e t r a m e r i c alkoxides. A novel s t r u c t u r e i n v o l v i n g two 
six-membered r i n g s i s postulated f o r the methylcadmium ( i s o - p r o p y l ) 
sulphide, fig:Xx»l. 

Me, 
•Cd 

N 

•Me 

Me 

/ "Me 

Pr' 

As w i t h the cubic s t r u c t u r e , such an arrangement would have the e f f e c t 
of i n c r e a s i n g the e f f e c t i v e c o o r d i n a t i o n number of the cadmium and 
.sulphur atoms, which would oppose the for m a t i o n of p y r i d i n e adducts. 
l o p y r i d i n e adduct could be i s o l a t e d . 
Mercury 

No c o o r d i n a t i o n complexes of d i a l k y l - or d i a r y l - mercurials, 
w i t h the exception of c h l o r i n a t e d and f l u o r i n a t e d d e r i v a t i v e s , have 
been i s o l a t e d . I n d i c a t i o n s of the formation of 1:1 and 2:1 compounds 
between such ligands as p i p e r i d i n e , triphenylphosphine and acetone 
r e s p e c t i v e l y and diphenylmercury have been obtained by o s c i l l i m e t r i c 
t i t r a t i o n i n benzene s o l u t i o n but the concentration of such coniplexes 
i f formed .must be small and they (Associate very r e a d i l y . The 
d i a l k y l - and d i a r y l - mercurials are unaffected by water or dilute?, 
acids and no compounds analogous t o the alkoxy- and a l k y l t h i o - d e r i v a t i v e s 
of b e r y l l i u m and zinc are known. 
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Hydride Chemistry of the other Group I I metals 
I n attempts to, prepare Group I I metal hydrides alkyl-hydrogen 

•exchange reactions have been i n v e s t i g a t e d , although the products obtained 
were r a r e l y pure. 

Thus d i a l k y l d e r i v a t i v e s of magnesium, zinc and cadmium react 
i n ether s o l u t i o n w i t h l i t h i u m aluminium hydride. i n a s i m i l a r 
way t o d i m e t h y l b e r y l l i u m . The reactions appear t o be more s t r a i g h t ­
forward than found w i t h d i m e t h y l b e r y l l i u m , i n t h a t the products do not 
cont a i n large q u a n t i t i e s of l i t h i u m and aluminium. Zinc and cadmium 
hydrides are obtained as white, i n v o l t a t i l e , i n s o l u b l e and ether-free 
s o l i d s , but do contain small amounts of i m p u r i t i e s . Both decompose 
r e a d i l y a t ambient temperatures, (room tempaature and 0°C r e s p e c t i v e l y ) , 
i n t o a metal and hydrogen. Dimethylmercury reacts w i t h l i t h i u m aluminium 
hydride a t 8o°C y i e l d i n g mercury and hydrogen; presumably the hydride, i f 
formed, decomposes a t the r e a c t i o n temperature. 

Dietiiylmagnesium reacts w i t h l i t h i u m aluminium hydride t o g've 
magnesium hydride which contains ether and o f t e n aluminium, the amounts 
of i m p u r i t i e s depending on the concentration of s o l u t i o n s , p r o p o r t i o n of 
reac t a n t s , and order of a d d i t i o n . 

L i t h i u m aluminium hydride also reduces diphenylmercury, 
and zinc, cadmium;•.''••̂ *̂ and mercury ^ ^ ^ I I ) iodides but pure hydrides 
have not been obtained, and the pr e p a r a t i o n o f zinc hydride by r e a c t i o n 
of zinc c h l o r i d e w i t h aluminium chlorohydride was also found t o 
give an impure product. 

A l k y l - hydrogen exchange reactions between d i e t h y l d e r i v a t i v e s 
of magnesium, zinc, cadmium and mercury and diethylaluminium hydride, 

128 
i n t h e absence of solvent, have been i n v e s t i g a t e d . * Triethylaluminium, 
i n d i c a t i n g exchange had occurred, was i s o l a t e d i n every case,but the 
only hydride i s o l a t e d was t h a t of magnesium. The magnesium hydride 
i s o l a t e d was pure, although no mention of the i m p u r i t y 
was made. Zinc and cadmium compounds reacted l i b e r a t i n g hydrogen 
and d e p o s i t i n g the metal i n the temperature range 25°-50°C. 
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Diethylmercury reacted with the formation of hydrogen, ethane and 
mercury. The formation of ethane indicates the probably formation 
of ethylmercury hydride as an intermediate which breaks down into 
ethane and mercury. The formation of ethane indicates the probable 
formation of ethylmercury hydride as an intermediate which breaks 
down int o ethane and mercury or reacts with diethylaliiminium hydride 
to give mercury hydride which subsequently breaks down to mercury 
and hydrogen. 

Ethylmagnesium hydride has been prepared by reaction of 
diethylmagnesium and sodium triethyboron hydride i n ether: ^56« 

EtgMg + UaEt^BH—^'EtMgH' + NaEt^B 

However, the product, isolated i n solution only, i s stable at low 
temperatures only, disproportionating into magnesium hydride and 
diethylmagnesium &tri.»:oom 'te^rspe^a•tu^c. 

The reaction of f e r r i c chloride, excess phenylmagnesium 
bromide and hydrogen has been studied as a possible method of producing 

157. 
Fe-H bonds, however, the infrared spectra and the chemical and thermo-
graphis analysis of the product supported the conclusion that i t con­
tained Mg-H bonds. Fo further description of the product i s available 

The reaction of diethylzinc and triethylstannane has been 
137 

investigated and although t e t r a e t h y l t i n was isolated, indicating 
that alkyl-hydrogen exchange had taken place, the only other products 
were zinc metal and ethane. The ethylzinc hydride presumably decomposes 
under the conditions of reaction. 

Dimethylzinc i s reported * to react with diborane with the 
formation of an apparently polymeric, mixed hydride-borohydride (HZnBH.) no experimental cojiditiQibeing reported. However, a more 

137. 
recent investigation * has shown that the two react with the forma 
of. methylzinc borohydride and zinc hydride according to the equation: 

2 Me2Zn + B̂ Ĥ  > MeZnBĤ  + ZnH2 + Mê B 
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The methylainc borohydride formed i s a v o l a t i l e s o l i d which reacts 
137 

w i t h trimethylamine w i t h the formation of dimethylzinc-trimethylamine 
and z i n c borohydride: 

2 MeZnBH^ + HMe^ » Me2Zn.lIMe4+ Zn(BH^)2 

Some Organoainc compounds also f o r m anionic hydride complexes 
i n a way s i m i l a r t o the analogous b e r y l l i u m compounds. Thus diphenylzinc 
forms the complex etherate,.LiPh ZnH.OEt^ w i t h l i t h i u m hydride. The 
compound NaH (Etr>Zn)^J has been prepared by r e a c t i o n o f sodium hydride 

c. c, n, 
w i t h d i e t h y l z i n c i n 'monoglyme' or 'diglyme', although attempts to, 

139 
i s o l a t e i t r e s u l t e d i n i t s decomposition A s i m i l a r compoiind 
WaH(Bu^Be)r) has r e c e n t l y been prepared by r e a c t i o n of sodium hydride 

36 
w i t h d i - t e r t i a r y - b u t y l b e r y l l i u m i n ether. ' Sodium hydride also 
reacts w i t h zinc c h l o r i d e i n g l y c o l ethers forming[NaH(ZnCl2)2j^ 
which was not i s o l a t e d . A competing r e a c t i o n appeared to occur since 
sodium c h l o r i d e and zinc metal were deposited, accompanied by some gas 
e v o l u t i o n . 

The o r i g i n a l c l a i m of the preparation o f the Grignard 
reagent (HMgX) derived from hydrogen as b i s - t e t r a h y d r o f u r a n and ether 
complexes from the r e a c t i o n s of ethylmagnesium halides w i t h diborane at 
25°C. 

B2H^ + 6EtMgX ) 6HMgX + 2ET^B 

have since been disproved. A more recent work -̂ 37,141 • shown t h a t 
the b i s - t e t r a h y d r o f u r a n complex of chloromagnesium borohydride i s 
formed by r e a c t i o n of ethylmagnesium c h l o r i d e and diborane i n t e t r a h y d r o f u r a n 

3 E t % C l + 2 B2Hg-^3 GpflgBĤ  + Et^B 

I t i s also claimed t h a t iiW^) i s formed by the p y r o l y s i s of 
Grignard reagents: 
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220°C 
CgH MgBr > CgH^ + HMgBr 

However, t h i s compound has been described by l a t e r 
workers as a mixture of magnesium hydride and bromide since at 300°-350*'c 
i t decomposes i n t o magnesium, hydrogen and magnesium bromide. 

Some dialkylmagnesium d e r i v a t i v e s decompose at elevated tempera­
tures e v o l v i n g o l e f i n and l e a v i n g nagnesium hydride as the i n v o l a t i l e 
residue, although side reactions are i n d i c a t e d by the formation of 
some p a r a f f i n . ^44,145. 

The reactions between diethylmagnesium and diborane appear t o 
be r e l a t i v e l y complex, ^45>146,147>148' Excess diborane produces 
magnesium borohydride as a white m i c r o c r y s t a l l i n e p r e c i p i t a t e . 
I f excess diborane i s not used, the r e a c t i o n proceeds i n several stages, 
and i s a f f e c t e d by the presence of t r i e t h y l a l u m l n i u m which catalyses 
the r e a c t i o n . 

High pressure and temperature reactions of magnesium and 
hydrogen i n the presence of magnesium i o d i d e r e s u l t i n the f o r m a t i o n 

149. 
of magnesium hydride. 
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EXPERIMEUTAL 

Apparatus and Techniques 

M t r o g e n Supply 

Since most of the compounds studied react r a p i d l y w i t h oxygen 
and moisture, a l l the work described was c a r r i e d out i n an atmosphere 
o f dry, oxygen-free n i t r o g e n . 

"White-spot" n i t r o g e n was passed through a column of copper at 
350° - 400°C t o remove oxygen, and then through two traps cooled i n 
l i q u i d n i t r o g e n t o remove water. 

The copper column was prepared by reducing copper oxide wire i n 
a stire.anof hydrogen gas a t 200° - 250°C, and was p e r i o d i c a l l y regenerated 
i n the same way. 
Handling Techniques 

The high t o x i c i t y of b e r y l l i u m oxide means t h a t b e r y l l i u m compounds 
must be handled w i t h extreme care, p a r t i c u l a r l y when fumes of the oxide 
are formed on exposure t o a i r . 

Many reactions, were c a r r i e d out i n a fume cupboard and transferrence 
of s o l i d s from one vessel t o another was performed i n a glove-box f i l l e d 
w i t h dry, oxygen-free n i t r o g e n . 

Whenever convenient, s t a r t i n g materials were stored as s o l u t i o n s , 
such as d i e t h y l b e r y l l i u m i n ether and dimethylaluminiiim hydride i n 
methylpyiiob.exane. Such s o l u t i o n s were conveniently t r a n s f e r r e d by using 
a hypodermic syringe and needle, thus minimising exposure t o a i r . 
Glove-box 

The glove-box contained an atmosphere of dry, oxygen-free n i t r o g e n . 
P u r i f i c a t i o n of the n i t r o g e n was achieved by the methods described above. 
A small c i r c u l a t o r y pump, s i t u a t e d w i t h i n the box, was employed t o recycle the 
n i t r o g e n atmosphere through the p u r i f i c a t i o n system whenever the box was 
not i n use. 

Due t o the p e r m e a b i l i t y of the t u b i n g conventionally used f o r 
n i t r o g e n systems (rubber, neoprene and P.V.C.) t o oxygen, a l l n i t r o g e n 
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supply and p u r i f i c a t i o n systems were f i t t e d with glass or copper tubing 
(3/16" 0.0 .). Joints between glass and copper were made with thick-wall 
pressure tubing, the f i n a l joint- being coated with a beeswax/vaseline 
mixture to minimise permeability to oxygen. 

When f i t t e d as described the glove-box was found to have an 
average oxygen content of 200-300 ppm, under which conditions the 
handling of extremely air-sensitive compounds without serious decomposition 
was possible. 
Vacuum Apparatus^-: 

A vacuum apparatus ' was available and consisted of three main 
sections: 
(,i) Storage 

V o l a t i l e solids and liquids were stored i n small tubes connected 
through mercury f l o a t valves to the main l i n e . Gases were stored i n 
large bulbs (3 l i t r e ) f i t t e d with a manometer and cold finger. 
( i i ) Gas Analysis 

A Topler pump and gas burette were used to measure gases not 
condensed by l i q u i d nitrogen. Two calibrated bulbs attached to a manometer 
were used f o r measurement of condensable gases. This system was calibrated 
with known quantities of carbon dioxide. 

A combustion bulb f o r analysis of gaseous mixtures could be 
attached to the apparatus as required. 
( i i i ) Fractionation 

Three U-traps, connected by mercury float-valves to each other 
and separately to the main l i n e , enabled separation of v o l a t i l e mixtures 
to be achieved. . 
Tensimetric T i t r a t i o n Apparatus 

A reaction tube, of small volume, and a double limb mercury mano­
meter were connected through a mercury f l o a t valve to the main vacuum l i n e . 
Fon-volatile reactants were introduced into the reaction tube as pre-weighed 
samples (against a. counter-current of nitrogen.) After sealing the apparatus 
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and evacuating i t , v o l a t i l e reactants, measured i n the measuring bulbs, 
were condensed i n t o the tube. Eeactants were allowed t o come t o e q u i l i b r i u m , 
u s u a l l y a t 0°C, which o f t e n took several days, before f u r t h e r manipulations. 
V/hen e q u i l i b r i u m had been reached, excess v o l a t i l e reactants were removed 
step-wise from the system and mefsured. The pressure w i t h i n system was 
• p l o t t e d against the m o l a r - r a t i o of reactants and the p l o t examined to 
determine the sto i c h i o m e t r y of the products. 
Molecular weight measurements 

Molecular weights were measured c r y o s c o p i c a l l y i n benzene, s o l u t i o n . 
The cryoscopic constant of the benzene, d r i e d by standing over, sodium 
wire before use, was determined using f r e s h l y sublimed biphgnyl. 
I n f r a - r e d Spectroscopy 

I n f r a r e d spectra were recorded on e i t h e r a Grubb-Parsons GS2A 
or a Grubb-Parsons p r i s m - g r a t i n g Spectromaster. 

A i r s e n s i t i v e so.li.dswere examined as n u j o l mulls, and l i q u i d s ' 
as contact f i l m s between potassium bromide discs.- Spectra were recorded 
over the range 4000-400 cm.""̂  

Analyses 
B e i y l l i u m analyses 

The method used t o estimate b e r y l l i u m was that developed,. Dr. L. Branford,] 
f o r m e r l y o f t h i s department. I t involves t i t r a t i o n o f the a l k a l i n e s o l u t i o n 
formed by a d d i t i o n o f excess potassium f l u o r i d e t o b e r y l l i u m hydroxide. 

Be(0H)2 + 4F" — > BeF^* + 20H" 

The method requires s t a n d a r d i s a t i o n under c l o s e l y c o n t r o l l e d 
c o n d i t i o n s , and the c a l i b r a t i o n procedure described below must be 
s t r i c t l y f o l l o w e d . , , 

A l i q u o t s of a standard b e r y l l i u m s o l u t i o n , (O.Ol M BeSO.), 
24" 

were taken t o coyer the .range 0-6 mg. Be . To each was added 5 cc. of a 
0.5 M potassium sodium t a r t r a t e s o l u t i o n , 2 drops of a CV^ a l c o h o l i c s o l u t i o n 
of bromothymol blue, and the s o l u t i o n t i t r a t e d w i t h d i l u t e sodixim hydroxide t o 
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a green end-point. Then was added 5 cc. of a 1 M potassium f l u o r i d e 
s o l u t i o n , and the r e s u l t i n g blue s o l u t i o n set aside f o r about 2 minutes 
before t i t r a t i n g w i t h 0.1 IT su l p h u r i c a c i d t o a green end-point. A 
l i n e a r c a l i b r a t i o n graph of b e r y l l i u m concentration against volume of 
§cid-titrant was p l o t t e d . The s o l u t i o n s r e s u l t i n g from h y d r o l y s i s of 
the compounds t o be analysed were t r e a t e d i n the same way, and very 
s a t i s f a c t o r y r e s u l t s were obtained. 

I n some"Cases when bases (e.g. amines) were present i n the hy d r o l y s i s 
s o l u t i o n , i t was found necessary t o remove them by ether e x t r a c t i o n or 
o x i d a t i o n by fuming t o dryness w i t h concentrated n i t r i c a c i d . 
Gas Analyses 

Compounds evo l v i n g gases on hy d r o l y s i s were analysed by adding 
"degassed" 2-methoxyethanol t o a weighed sample cooled w i t h l i q u i d n i t r o g e n . 
The mix..iture was allowed t o warm t o the room temperature during which 
time gas e v o l u t i o n took place. The warming-up process was c a r e f u l l y 
c o n t r o l l e d t o ensure slow h y d r o l y s i s , as vigorous gas e v o l u t i o n o f t e n 
r e s u l t s i n side reactions o c c i i r i n g . Hydrolysis was completed w i t h 
d i l u t e s u l p h u r i c a c i d and the gases l i b e r a t e d were f r a c t i o n a t e d , measured 
i n the vacuumline, and i d e n t i f i e d by t h e i r i n f r a r e d spectra. 

Methane and hydrogen mixtures were o f t e n generated by h y d r o l y s i s 
of some of the compounds examined and the two gases cannot be separated 
by f r a c t i o n a t i o n as n e i t h e r i s completely condensable i n l i q u i d n i t r o g e n . 
The f o l l o w i n g procedure was t h e f e f o r e adopted. 

A measured volume of the methane/hydrogen mixture was mixed w i t h 
excess oxygen w i t h i n a 200 cc. combustion bulb and i g n i t e d by passed an 
e l e c t r i c current through a platinum s p i r a l i n s i d e the bulb. The products 
of the combustion, carbon dioxide and water were separated from excess 
oxygen and eath. other. The carbon dioxide was measured i n the gas bur e t t e 
and the water condensed on t o l i t h i u m aluminium hydride, the hydrogen 
produced being measured thus g i v i n g the q u a n t i t y of water produced. 
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Phenyl analyses 
Analysis of phenylberyllium derivatives i s - d i f f i c u l t , as benzene 

produced "by normal hydrolysis techniques cannot readily be separated from 
the hydrolysis reagents, water and 2-methoxyethanol. The following method 
was therefore developed. 

About 0.2 gm. of the compound to be analysed was weighed into 
a reaction tube i n the glove box, the volume of the tube being about 200 cc. 
The tube was evacuated and an excess of dry hydrogen chloride, produced 
by reaction of concentrated sulphuric acid with dry sodium chloride, condensed 
into the tube. The tube was sealed at a constriction provided and allowed 
to warm slowly to -78°C. The tube was kept at -78°C f o r one hour, during 
which time the decomposition of the compound was almost complete. However, 
experience showed that to complete the reaction the reaction vessel must 
be heated i n an oven at 160°C overnight f o r re l i a b l e results to b© obtained. 

The reaction tube was cooled i n l i q u i d nitrogen and opened to 
the vacuum l i n e via a break-off sidearm provided. On warming to room 
temperature the benzene produced by the reaction was condensed into a 
trap cooled to -'JS°C, the excess hydrogen chloride being pumped away. 
The benzene was then estimated by condensing into a weighed V - tube 
and reweighing. 

This method was found to be enti r e l y satisfactory when the v o l a t i l e 
products of the reaction were separable. 

e.g. Ph^Be (OEt^) + WHCL )2C.H, + BeCL. (OEt„) + (M-2)HG1 

However, i n some cases the products were found to be d i f f i c u l t to separate, 
e.g. benzene and methanol from phenylberyllium methoxide, and i n other 
cases the hydrogen chloride produced decomposition of the products of 
the i n i t i a l decomposition and the complicated mixture of f i n a l products 
was inseparable. 
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Amine analyses '' 
These were estimated by steam d i s t i l l a t i o n from an alkaline 

solution containing the amine into excess standard acid. The excess 
acid was determined by b a c k - t i t r a t i o n with standard a l k a l i . 

Preparation and P u r i f i c a t i o n of Solvents and Starting Materials 
Diethyl Ether 

"Anhydroxis Methylated Ether" was dried by standing over sodium 
wire f o r several days, and d i s t i l l e d from l i t h i u m aluminium hydride Just 
before use. 
Pentane and Hexane 

These solvents were dried and p u r i f i e d by the same method used 
f o r d i e t h y l ether. 
Benzene 

"Analar" benzene was dried by standing over sodium wire f o r 
several days before use. 
Methylcyclohexane 

This was p u r i f i e d and dried by twice d i s t i l l i n g from sodiiim, 
the f r a c t i o n b o i l i n g 101-102°C being collected. This was stored over 
sodium wire. 
Xylene 

P u r i f i c a t i o n of t h i s solvent was carried out by the method used 
f o r methylcyclohexane, the f r a c t i o n b o i l i n g 138°-i40°C being collected. 
"Monoglyme"(l,2 - Dimethoxyethane or Ethylene glycol dimethyl ether) 

The impure l i q u i d was refluxed with potassium for several hours 
and d i s t i l l e d . After r e p e t i t i o n of th i s process, f i n a l d i s t i l l a t i o n from 
l i t h i u m aluminium hydride just before use was carried out. 
Trimethylamine 

Trimethylamine was dried by standing, over phosphorus pentoxide 
and d i s t i l l e d from i t as required. 
W, H, U',U', - Tetramethylethylenediame 

This chelating diamine was pu r i f i e d and dried by refluxing 
with sodium metal and d i s t i l l i n g just before use 
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I i r , W , I T ' , N ' , - Tetramethyl-o-phenylendiamine 
This was available i n the department and had been prepared by 

68 
Dr. N. A. Be l l by the following method. Q-phenylenediamifjadihydrochloride 
was treated with excess methanol at 175° - l85°C. The mixture of Tl-methylated 

69. 
o-phenylenediamines obtained were treated with equal volumes of methyl-
iodide at l80°-l85°C from which reaction ,11' - tetramethyl-o-phenylene-
diame'^was isolated and d i s t i l l e d b.pt. 36°/lO ~^ m.m. The product was 
stored under nitrogen at -20°C i n the absence of l i g h t , as i t tends to 
decomp&se with the formation of dark-coloured product i n a i r and l i g h t . 
Dimethylamine 

Since commercial dimethylamine hydrochloride usually contains 
traces of aimnonium, methylamine and trimethylamine hydrochlorides, pure 

71. 
dimethylamine was prepared by the following method 

Me2M.HG4+ NaKDg >NaC4+ Me2M0 + Ĥ O 

An aqueous acid solution of commercial dimethylamine hydrochloride 
was heated at 75° ~ 80°C with excess iodium n i t r i t e f o r three hours. 
The r e s u l t i n g solution, v/hen cool, was saturated with sodium carbonate, 
the pale yellow o i l which separated was.isolated and combined with ethereal 
extracts of the aqueous layer. The mixtiire was dried over anhydrous 
potassium carbonate, and subsequent f r a c t i o n a l d i s t i l l a t i o n gave a 
y i e l d of pale yellow N-dimethylnitrosamine b.pt. 148°-150°G 

Me-MO + 2Ha^ NOCl + Me ffl.HG 
-̂ 2 

The nitrosamine was refluxed with two moles of 4^ hydrochloric 
acid u n t i l the solution was pale yellow. Treatment of the solution with 
excess aqueous potassium hydroxide liberated pure dimethylamine which 
was dried by passing through a column of potassium hydroxide pellets 
several times,and. f i n a l l y stored i n the ,vacuum l i n e . 
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Methanol 
Methanol was refluxed with magnesium_tumings fo r several hours. 

The f r a c t i o n b o i l i n g 6(J.8 - 7C10°C was collefited and used without further 
p u r i f i c a t i o n . 
Diphenylamine 

Crude diphenylamine was p u r i f i e d by b o i l i n g with animal charcoal 
i n hexane and subsequently recrystallised from the same solvent twice 
before drying under reduced pressure, m.p. 52.8°C. 
IT,If, IIJ:, - Trimethylethylenediamine 

The crude l i q u i d was refluxed with a small amount of li t h i u m 
aluminium hydride f o r twenty minutes, and subsequently fractionated. 
The f r a c t i o n b o i l i n g 114 - 116°C was collected and used. 
2,2' ~ b i p y r i d y l 

2,2' - Bipyridyl was available i n the department and p u r i f i e d 
by vacuum sublimation (70-80°/0.1 m.m. ) before use,.as exposure to l i g h t 
and a i r results i n brown decomposition products being formed. 
Trimethylphosphine 

This was stored i n d i l u t e sulphuric acid solution. Treatment of the 
solution with a concentrated solutiohn of potassium hydroxide liberated the 
phosphine, which v/as dried over-solid potassium hydroxide and measured 
i n the vacuum l i n e before use. 
Dimethylsulphide and Diethylsulphide 

Commercial samples of these sulphides were available,, both of 
which p u r i f i e d by r e f l u x i n g with sodium (to remove water) and copper 
powder ( t o remove t h i o l s ) . Subsequent f r a c t i o n a l d i s t i l l a t i o n of each 
sample gave dimethylsulphide,b.pt. 36°-36.5°C, and diethylsulphide, b.pt. 92°C. 
2,5 - Jithiahezane 

P u r i f i c a t i o n of t h i s compound was achieved by refluxing with 
sodium and subsequent f r a c t i o n a l d i s t i l l a t i o n , b.pt. l8l°C. 

Pimethylether 
A sample of t h i s compound was availablel prepared by Dr. N. A. Bell 

by reaction ef sodium meth©zide and methyliodide. I t was stored and measured i n 
the vacuum l i n e . 
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Lithiiim Reagents 
Methyl-, ethyl-, and phenyl-lithium were prepared i n 80-9C^ 

yields from the corresponding a l k y l or a r y l halide and l i t h i u m shot 
i n ether. 
Grignard Reagents 

These were prepared from the reaction ,of a l k y l or ar y l bromides 
with magnesium i n about 90^ y i e l d i n diethyl ether. 

2 19 
Beryllium chloride . 

This was prepared by heating beryllium powder i n dry chloride 
gas. The product was sublimed from the reaction tube into a receiver 
fl a s k which was then sealed from the reaction tube. 
Dimethylberyllium 

Solutions of dimethylberyllium i n diethyl ether were prepared 
i n 65 - y i e l d both by the addition of two molesof methylmagnesium 
bromide to one Jjtiole of beryllium chloride and ad(5tion of two moles of 
methyl-lithium to one mole of beryllium chloride i n ether. The solution 
was decanted from precipitated halides, which were washed with ether 
and most of the ether removed by d i s t i l l a t i o n . The dimethylberyllium 
was then p u r i f i e d by a process of continous "ether d i s t i l l a t i o n " at 
l80°-200°C to achieve separation from dissolved salts.•'•'^* I n genersQ, 
a preparation y i e l d i n g one half mole of dimethylberyllium required 24 
hours d i s t i l l a t i o n f o r complete transference of the beryllium compound. 
The solution was analysed by hydrolysis f o r hydrolysable methyl and 
beryllium. 
PiethylberyIlium 

Ethereal solutions of diethylberyllium were prepared i n 70-75^ 
y i e l d by addition of two moles of ethylmagnesium bromide to one mole of 
beryllium chloride i n ether-^ The solution was decanted from precipitated 
sa l t s , which were washed with ether, and d i s t i l l e d to low volume. The 
remaining ether was removed under vacuum and subsequent d i s t i l l a t i o n 
gave diethylberyllium, a colourless l i q u i d b.pt. 60° - 65°C/o.3 m.m. 
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Several reactions investigated required diethylberyllium completely 
ether-firee. Since complete separation from ether i s not achieved by 
vacuum d i s t i l l a t i o n or even by prolonged pumping i n high vacuum the following 
method, developed by Stfohmeier and co-workers, was used: 

Potassium fl u o r i d e (l5g-) O.258 mole.), dried by grinding at 
400°C, was added to 280 ml. of a 1,30 m. (O.464 mole) solution of ethereal 
diethylberyllium. The mixture was heated at 65°C with s t i r r i n g f o r three 
hours. At f i f t e e n minutes intervals the mixtxire was pumped to remove 
ether. After three hours nearly a l l the potassium fluoride had dissolved 
and s l i g h t l y , viscous mixture remained. When pumped i n a high vacuum 
the solution slowly deposited a white c r y s t a l l i n e s o l i d as the last traces 
of ether were removed. After pum|)ing at 40°D f o r f i f t e e n minutes the 
white c r y s t a l l i n e s o l i d , KF(BeEt2)2 some excess potassium fluoride, was 
transferred t o a double SChlenk" tube and washed with three 20 ml. portions of 
dry hexane. The s o l i d was then transferred, under nitrogen^into a high 
vacuum d i s t i l l a t i o n apparatus, designed so that the d i s t i l l a t e did not come 
into contract with any greased ground-glass Joints. 

When heated i n the high vacuum the s o l i d melted i n the range 85° - 90°C, 
the r e s u l t i n g l i q u i d frothed vigorously i n the range 105° - 120° and 
diethylberyllium d i s t i l l e d slowly from the mixture and so l i d residue remaining. 
The diethylberyllium was then r e d i s t i l l e d and collected, i n 60?̂  y i e l d as 
a colourless l i q u i d b o i l i n g at 65°C/0.2 - O.4 m.m. 

A weighed sample (O.O5OI g.) of diethylberyllium was analysed 
by hydrolysis; Pound: Be, 13.4s Hydrolyeable ethyl, 86.5: - hydride, 
none; ether, none. Ĉ Ĥ gBe requires Be,13.5: Hydrolyzable ethyl, 56.5») 

The d i s t i l l a t e was dissolved i n 200 ml. of dry hexane, which was 
standardised by hydrolysis and found to be O.815 M. 
Jietbylmercury 

This compound was available i n the department. D i s t i l l a t i o n before 
use, b.pt. 159?C was the only p u r i f i c a t i o n necessary. 
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Diphenylmercury 
This was obtained i n 90-95%yield by reduction * of phenyl-

mercury chloride with hydrazine hydrate i n refluxing methanol, followed 
by c r y s t a l l i s a t i o n and sublimation of the product (as colourless needles, 
mpt. 123°-124°C.) As diphenylmercury i s somewhat sensitive to l i g h t , 
turning yellow when exposed to l i g h t f o r several days, i t was stored 
i n the dark. 
Diphenylberllium 

Although reaction of diphenylmercury with beryllium powder at 
200° - 220°C i s claimed ^4,51>14. ^^^^ diphenylberyllium i n good y i e l d , 
i t was found that some decomposition (charring) occurred which complicated 
p u r i f i c a t i o n of the product. A much cleaner reaction results when the 
same reagents are heated i n xylene at 140°IC for seventy-two hours. I t 
was found that activation of the beryllium^by standing i n ethereal d i e t h y l ­
beryllium overnight before use or alte r n a t i v e l y by addition of mercuric 
chloride to the reaction mixture,was imperative f o r good yields. Diphenyl­
beryllium was isolated by f i l t r a t i o n from the cooled reaction mixture 
and subsequent soxhlet extraction with benzene. Diphenylberyllium prepared 
i n t h i s way was a white s o l i d , m.pt. 248° - 250°C with decomposition. 

Attempts to prepare diphenylberyllium by reaction of two moles 
o f phenylmagnesium bromide and one mole of beryllium chloride i n ether 
and subsequent c r y s t a l l i s a t i o n from ether or benzene i n i t i a l l y met with 
f a i l u r e due to contamination of the product with magnesium halides, which 
are s l i g h t l y soluble i n ether and benzene/ether mixtures. However, t h i s 
problem was overcome i n a late stage i n t h i s work i n the following way. 
Solutions'of magnesium dialkyl s and diaryls have been prepared •'•̂ Ĵ 151> 152. 
by a;ddition of dioxan to Grignard reagents which causes disproportionjltioh 
and p r e c i p i t a t i o n of magnesium halide dioxan complexes. F i l t r a t i o n yields 
a solution of the appropriate d i a l k y l or d i a r y l magnesium which requires 
no fu r t h e r p u r i f i c a t i o n . 
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Thus by addition of dioxan to the solution obtained by addition 
of phenylmagnesium bromide (1,98 moles) to beryllium chloride ( l mole) 
i n ether, i t was hoped to precipitate a l l magnesium halides and any excess 
beryllium chloride as insoluble dioxan complexes. A typical preparation 
i s now described. 

To a solution of beryllium chloride ( 6.8lg; 0,0851 mole) i n I50 ml. 
of ether phenylmagnesium bromide (0.162 moles, I68.O ml. of a O.96M 
solution i n ether) was added. After the reaction mixture had been s t i r r e d 
f o r h a l f an hovir, dioxan (29,00 g., 0.34 moles) i n 100 ml. of ether was 
added dropwise with vigorous s t i r r i n g . The mixture was s t i r r e d overnight 
t o ensure complete p r e c i p i t a t i o n and coagulation of the precipitate, and 
then f i l t e r e d . 

The r e s u l t i n g solution was analysed f o r beryllium and hydrolysable-
phenyl and found to be 0.54-M, the y i e l d being about 60^. Pur i f i c a t i o n 
was achieved by c r y s t a l l i s a t i o n "ofI the bis-etherate Ph2Be.(0Et2)2 
and redisBolving t h i s i n ether to give a Solution which was restandardised. 
Earlier observations during t h i s work on the constitution of the so-called 
bis-etherate have shown i t to have a dissociation pressure of ether 
(approx, 15 m.m, at 0°C) and the product obtained by pumping the crystals 
dry at room temperature had a variable constitution, Ph_Be (0Et„) where 

d d n 

\kn<2j the actual composition depending on the length of time the product 
was piimped. Because of t h i s uncertainty of composition only solutions 
of the etherate i n ether were used. 

Varioiis points emerged from experiments i n the preparation of 
diphenylberyllium by t h i s method and the following instructions must 
be observed to obtain a product uncontaminated with magnesium and halide: 

(a) A s l i g h t deficiency of grignard reagent must be used, otherwise 
diphenyl magnesium v / i l l contaminate the product: 

2 PhMgBr + dioxan >Fa2^ MgBr2( dioxan) 2 

(b) The exact quantity of dioxan (2 moles f o r every mole of 
magnesium halide) to precipitate the magnesium halides as dioxan complexes 
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must be added. A deficiency or excess of dioxan causes the resulting 
solution to be contaminated with halogen. 
Dimethylaluminium chloride 

Methylaluminium sesquichloride, available i n bulk i n the department, 
was mixed with excess sodium, chloride. The mixture was heated, with 
s t i r r i n g , at 140°C f o r 3 hours. '̂•̂* 

Mê  A l ^ -Cl^ * NaGA—^Na MeAlCSl^ + Me^AKCl 

The dimethylaluminium chloride was d i s t i l l e d from the i n v o l a t i l e sodium 
methyl trichloroaluminate at atmospheric pressure. R e d i s t i l l a t i o n of the 
d i s t i l l a t e gave dimethylaluminium chloride, a colourless l i q u i d b.pt. 125° -
126°C, i n 80-85^ y i e l d . 
Dimethylaluminium hydride 

Several preparations of t h i s compound were attempted by the following 
reaction: 

LiAlH^ + Me^AlO + 2Me2Al — " ^ 2 ^ LiG + 4 MegAlH 

Decantation of the solution from precipitated salts, evaporation 
of ether to low volume and high vacuum d i s t i l l a t i o n of the resulting solution 

74. 
were carried out. Dimethylaluminium hydride i s described as a colourless 
viscous l i q u i d , d i s t i l l i n g at 60° - G3°/0,00^ m.m. and the product from 
the above reaction answered t h i s description i n a l l respects, but when 
allowed to warm to room temperature and dissolve i n the solvent ether 
(the receiver was cooled to -196°C) the i n i t i a l l y clear solution slowly 
deposited a voluminous white precipitate. The result of further d i s t i l l a t i o n s 
was the same, a clear solution being obtained at about -10° to 0°C which 
slowly deposited a white s o l i d , slowly at 0°C and rapidly at ambient 
temperatures. Analysis of the s o l i d showed i t to contain hydrolyzable 
hydrogen and aluminium i n the r a t i o 2.98 : 1 and no hydrolyzable methyl groups. 
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The solution was shown to contain hydrolyzable methyl, aluminium and 
hydrolyzable hydrogen i n the approximate r a t i o 2.3: 1 A 0.7. I t was 
also found that i f the solution was f i l t e r e d , the white solid being 
retained on a sintered disc, the f i l t r a t e , a l t h o u ^ i n i t i a l l y clear, 
rapidly deposited f u r t h e r white s o l i d . 

I t i s obvious from the above experimental observations that 
dimethylaluminium hydride disproportionates in ether solution. 

3 MSgAlH > AlH^ + aie^AL. 

There i s no mention of such a disproportionation of 
dimethyl aluminium hydride i n the l i t e r a t u r e , but diethylaluminium 
hydride i s said to undergo a similar reaction i n ether solution.'''^' 
However, the deposition of solid i s not significant unless the solution 
i s allowed to stand f o r several days and the disproportionation i s not 
considered to be of pra c t i c a l importance. Dimethyl aluminium hydride 
was successfully prepared by reaction of trimethylaluminium with excess 
l i t h i i i m aluminium hydride i n methyloyclohexane at 70°C. 
Triethyl-stannane 

Triethyl-stannane had been prepared i n t h i s department by 
Dr. N. A. Bell. T r i e t h y l t i n chloride was prepared by reaction of. 
t e t r a e t h y l t i n and stannic chloride i n the appropriate proportions. 
D i s t i l l a t i o n under reduced pressure gave a colourless l i q u i d b,pt. 82° 
- 82.5°/lO m.m. ^^3. 

3 Et^Sn + SnSD^—HEt^ SnGI.. 

Tr i e t h y l t i n c h l o r i d e was then reduced with li t h i u m aluminium hydride i n 
ethereal solution. Subsequent removal of solvent and fractional 154. 
d i s t i l l a t i o n under reduced pressure gave a colourless l i q u i d , b.pt.44°/l6 m.m. 

4 BtjSnGI + LiAlH^—J-4Et^SnH + LiAlQ^ 

The product was stored under nitrogen at -20°C to i n h i b i t any decoinposition. 
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However, i t was found necessary to d i s t i l under reduced pressure 
before use as i n such a d i s t i l l a t i o n a white i n v o l a t i l e residue 
always remained. The composition of the residue i s unknown. 
Triphenyltin chloride ^53,155 

A mixture of tetraphenyltin and stannic, chloride, i n appropriate 
proportions, were heated at 205° - 215°C f o r three hovirs at at l80° - 190°C 
f o r a further three hours. 

3 Ph^Sn + SnG^ H Ph^SnGl 

The product was then cry s t a l l i s e d by Soxhlet extraction with ether 
i n 75^ y i e l d , m.pt. 106°C. 
Triphenylstannane 152,159,160 

Pĥ SnGJ + LiAlH^—>.Ph^SnH + AlH^ + LiCl 

Triphenyltin chloride (12.50 g., 0.0324 mole,) was 
introduced, as an ethereal slurry, on to the sinter of a Soxhlet extraction 
apparatus. To the ether i n the fl a s k 23.1 ml. of a 1.39M (0.0321 mole.,) 
Solution of l i t h i u m aluminium hydride i n ether were added. The ether 
was heated to 60°C and the refluxing solvent slowly extracted the 
t r i p h e n y l t i n chloride into the solution. As the chloride was extracted 
i n t o solution a white precipitate slowly appeared. After one hour 
a l l of the chloride had been extracted into solution and the mixture 
was refluxed f o r a further hour. The mixture was allowed to cool 
and 5 ml. of methanol i n 100 ml. of ether was added slowly, followed 
by 100 ml. of a 2^ solution of sodium potassium t a r t r a t e . The ether 
layer was separate from the aqueous layer, which was washed with two 
50 ml. portions of ether, and the combined extracts dried with 
anhydrous magnesium sulphate. The ether was removed under reduced 
pressure and the o i l y residue d i s t i l l e d i n vacuo. Triphenyltin hydride 
d i s t i l l e d as a colourless, s l i g h t l y viscous l i q u i d at 165° - 168°/0.1 - 0.3 

m.m. i n 60^ y i e l d . 
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Preliminary preparative experiments showed that the pressure i n 
the apparatus during d i s t i l l a t i o n was very important. Attempted d i s t i l l a t i o n 
i n high vacuum (O.OOl m.m.) resulted i n decomposition of the l i q u i d into 
a yellowish s o l i d and aon-condensable gas, presumably hydrogen which was 
pimped away. The s o l i d , when recrystallised from benzene, was shown to 
be tetraphenyltin, m.pt. 225° - 226°C .and an i d e n t i c a l infrared spectriim. 
This agrees with experiments on the decomposition of t r i p h e n y l t i n 
hydride when heated or exposed to l i g h t . 

Satisfactory results were obtained when the pressure was maintained 
at 0,1 - 0.3 m.m. The product was stored under nitrogen i n the dark and 
found.to be quite stable over a period of several weeks. 
Tributylborate 

This compound was prepared by J. A. Heslop of this department by 
reaction of boric acid with butanol: 

B (OH)^ + 3 BuOH *(Buo)^B + 3H^) 

162 
Triethylborane 

This was prepared i n collaboration with J. A. Heslop by reaction 
of t r i b u t y l b o r a t e with triethylaluminium: 

(Buo)^B + Et^Al >Et^B + (Buo)^ Al 

• Triethylaluminium.was slowly added to tributylborate, with s t i r r i n g , 
and triethylborane b.pt. 96°C was d i s t i l l e d from the mixture through a 
short f r a c t i o n a t i n g column i n lOC^ y i e l d . 
Sodium triethylborohydride. 

Triethylbiron i n ether solution was added drop-wise to excess sodium 
hydride suspended i n b o i l i n g ether. The resulting solution was fifter^from 
excess sodium hydride and analysed by hydrolysis f o r hydrolysable hydrogen, 
sodium, and boron. 

NaH + Et^B —^^-^ >iiaEt^BH 
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EXPERIMENTAL RESULTS 

Reaction of dimethylaluminium hydride and dimethylberyllium 
Dimethylberyllium (4*13 nil. of a 2.42 M solution i n ether, 0.001 

mole.) was introduced by syringe into the cooled (-196°C) reaction bulb A 
of the high-vacuum reaction apparatus (dicigram l ) . Dimethylaluminium 
hydride (5.73 ml. of a 1.75 ̂  solution i n methylcylcohexane, 0.001 mole.) 
was s i m i l a r l y introduced, and the mixture allowed to warm to ::. room 
temperature. The i n i t i a l l y clear solution, deposited a small amount of 
white precipitate at 0°C. No further p r e c i p i t a t i o n was observed as the 
mixture was shaken arid warmed to 4Q°C for one hour. 

Receiver bulb B was cooled to -196°C and the appratus evacuated. 
After the solvents had d i s t i l l e d i n t o B, the o i l y residue i n A was 
warmed to 40°C. The o i l y residue slowly tvirhed s o l i d over a period of 
fifteen.hours, a f t e r which time the apparatus was f i l l e d with nitrogen. 
The d i s t i l l a t e was removed as a solution i n ether and methylcyclohexane 
by syringe. 
Analysis of t h e . d i s t i l l a t e 

The d i s t i l l a t e was analysed, by hydrolysis with 2-methoxyethanol, 
f o r hydrolysable methyl- and hydrogen, and aluminium. (Pound: hydrolysable 
methyl-, 604 N oc} hydrogen, none; aluminium, O.OOO98I mole. Ratior. of 
methyl; aluminium - 3.01:1 
Analysis of s o l i d residue 

Attempts to analyse the residue f o r berylliiim by the usual procedure 
were complicated by the presence of aluminium, which interferes with the 
procedure adopted. The analysis was taken no farther. 
Reaction of diethylberyllium with triethylstanne at 70°C 

Triethylstanna«{6.30g., 0.0327 mole.) was condensed into bulb A of 
the high vacuum reaction apparatus and 19'5 nil. of a 1.57 M solution of 
diethylberylliiim i n ether (0.0325 mole.) were added by syringe. The 
mixture was heated to 45°C f o r tv/o hours, during which time most of 
ether d i s t i l l e d i n t o receiver bulb B, and then at 75°C for a further two 
hours. 
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After allowing the reaction mixture to cool to room temperature, bulb B 
was cooled to -196°C and the apparatus slowly evacuated. A l l v o l a t i l e 
material was condensed into B over a period of f i f t e e n hours, after which 
time bulb A was heated to 40°C f o r two hours. The i n i t i a l l y mobile solution 
slowly turned to a viscous,oil, which turned s o l i d when heated at 40°C. 
Ether (lOO ml.) wgs condensed on to the s o l i d residue, and trimethylamine 
(850 f f c c , 0.038 mole.) odded to; the mixtiire, which was allowed to stand 
at room temperature f o r f i f t e e n minutes. The s o l i d slowly dissolved 
giving a clear, colourless solution.- The solution was transferred by 
syringe in t o one arm of double Schlehfc tube. On cooling the solution 
to -78°C a white s o l i d slowly cr y s t a l l i s e d , .which #as fitefed on to the 
sinter and pumped dry. The s o l i d was then transferred into a sublimation 
apparatus and heated to 40:-45°C i n high vacuum i n an attempt to sublime 
the product (EtBeH.BIe,)- as described i n the literature.*^"^* However, 

J df 

even though a small amount of s o l i d was sublimed as colourless prisms 
at A5°/0'01 mm., the major portion of the solid slowly changed to a 
viscous l i q u i d . Trimethylamine ( i d e n t i f i e d by i t s gas phase infrared 
spectrum) was found to be liberated during t h i s change, and by condensing 
excess trimethylamine on to the viscous l i q u i d a s o l i d product was regenerated. 
Further attempts to sublime the s o l i d at lower pressures and low temperatures 
(35°C/0,001 m.m,) resulted i n the same decomposition. I t was concluded that 
ethylberyllium hydride-trimethylamine, (EtBeH.]Me^)2 has an appreciable 
dissociation pressure of trimethylamine at 45°C, and the- l i q u i d residue had 
a composition approximating to (EtBeH) .(Me^)^ where •o<;n<l. Attempted 
sublimation under a p a r t i a l , pressure of trimethylamine,(l mm.) was not 
successful and i n further preparations i s o l a t i o n of the trimethylamine 
complex was achieved by low temperature c r y s t a l l i s a t i o n which gave very 

77, 
satisfactory r e s u l t s , The product was i d e n t i f i e d by i t s infrared spectrum 
and meiting-point, 101-102°C under nitrogen. 
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Reaction of diethylberyllium with triethylstannane at 40°C 
Triethylstannane (5.2g., 0.0252 mole.) and 16.0 ml. of a 1.57 M 

solution of diethylberllium (0.0250 mole.) were introduced in t o the reaction 
bulb A of the apparatus. The mixture was heated at 40°C f o r four hours. 
After allowing i t to cool t o room temperature, a small sample v/as removed 
by syringe and analysed by hydrolysis. (Found: hydrolysable ethyl, 18.95 ̂ fcc 
hydrogen, 10.4 ^^cc: r a t i o r <of ethyl: hydrogen = 1.82:1.) 

The amount of triethylstannane (2.98 g., 0.0144 mole.) required to 
bring the ethyl; hydrogen r a t i o n to 1:1 was added to the mixture. The mixture 
was then heated at 40°C f o r a further four hours. During t h i s time a white 
precipitate was slowly formed. 

The o r i g i n a l aim: of t h i s experiment was tb prepare ethylberyllium 
hydride by reaction at 40°C. The white precipitate was thought to indicate 
that exchange had occurred to such an extent that beryllium hydride, or some 
compound approximating to BeH- had been formed, Such a reaction i s i n v e s t i -
gated under s l i g h t l y d i f f e r e n t conditions, and this reaction was investigated 
ho fur t h e r . 
Reaction of dimethylberyllium with triethylstannane 

Triethylstannane (5.49g., 0.0268 mole.) was condensed into the 
reaction bulb A, and I8.6 ml. of a 1.43 M solution of dimethylberllium 
(0.0267 mole.) were added by syringe. The solution was heated at 65-70°C 
fo r four hours. After the mixture had cabled to room temperature, receiver 
B was cooled to -196°C and the apparatxis evacuatedi Over a period of f i f t e e n 
hours a l l v o l a t i l e matter was collected i n receiver B. The residue i n 
bulb A was a viscous o i l . Ether (lOO ml.) was condensed on to the residue 
and the mixture allowed to stand at room temperature. A clear .colourless 
solution was obtained, a small sample of which was analysed by hydrolysis 
(Found; Hydrolysablemethyl, 7.15 hydrogen, 7*06 Ifcc: ethyl, none: 
r a t i o methyli hydrogen = 1.01:l) 

The solution was used as a stock solution of methylberyllium 
hydride, (MeBeH) f o r the following reactions: 
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Reaction with trimetbylamine 
30 Ml. of the solution were transferred by syringe into one 

arm of a double SChlenk tube. An excess of trimethylamine (400.ircc.) 
was condensed on to the solution and the mixtoire allowed to warm to 
room temperature. Solvent was removed under reduced pressure and the 
so l i d residue heated at 45°C i n high vacuum. Colourless prisms sublimed 
at 40°-45°C /0 .001 m.m.(found: Be,10.7; hydrolysable methyl, 17»6; hydrogen, 
1.20^. Ĉ Ĥ B̂eN requires Be,10.7; hydrolysable methyl, 17.8; hydrogen, 
1.20^) The s o l i d melted at 70-72°C and i t s infrared spectrum was 
id e n t i c a l t o that of (MeBeH.NMe 

Reaction with trimethylphosphine 
Methylberyllium hydride, 30 ml. of the stock solution, was 

transferred into one arm of a double Schlenk tube. An excess of 
triraethylphosiphine (4OO Ncc.) was condensed on to the solution. At 
low temperature (about -50°C) a white c r y s t a l l i n e s o l i d was observed, 
which dissolved as the solution warmed to room temperature. By c r y s t a l l i s a t i o n 
at low temperature a white c r y s t a l l i n e product was produced, which was 
f i l t e r e d on to the sinter and pumped dry at 0°C. 

Attempts to handle the product i n the glove-box f o r analysis and 
preparation of samples f o r infrared examined were complicated by the 
product slowly "losing weight," and turning to an o i l y l i q u i d when ground. 
A l l observations indicated that the s o l i d was losing trimethylphosphine, 
probably having a dissociation pressure of trimethylphosphine at ambient 
temperatures. A rough;- analysis was attempted, (Pound: about-0.010 g. 
gave hydrolysable methyl, I 6 . 4 fTcc, hydrogen, I 6 . 3 Ncc,; trimethylphosphine, 
10.4 Ncc; r a t i o methyl; hydrogen; phosphine = 1 : 1 : O.64. 

By introduction of some of the sol i d i n t o a small flask, and rapid 
evacuation with the s o l i d fro2sen, i t was estimated that the s o l i d has 
a dissociation pressure of trimethylamine of about 2 cm. at 20-25°C. 

No further investigation or p u r i f i c a t i o n of the compound were 
undertaken. 
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S o l u b i l i t y of metbylberyllium hydride i n hexane 
30 ML. of the solution were transferred in t o a two-necked 100 ml. 

fl a s k . The solvent ether was removed under reduced pressure and the o i l y 
residue pumped i n high vacuum f o r two hours. Hexane (20 ml.) was added 
to the residue, and,a clear solution was obtained on shaking. The hexane 
was removed under reduced pressure and a white s o l i d residue remained,'., 
which was only p a r t i a l l y soluble i n hexane. By two successive additions 
and removals of hexane, a sol i d residue insoluble i n hexane was obtained. 
When ether ( 2 ml.) was added to a suspension of the solid i n hexane, a elear, 
colourless solution was obtained after f i v e minutes shaking. 
Reaction of diphenylberyllium with triphenylstannane ( l ) 

Diphenylberyllium ( 2 .06 g., 0.0134 mole.) was introduced i n a 
small weighing-tube, i n t o one limb of a double Schlenk tube. Triphenyl­
stannane ( 4 « 5 0 g . 0.0133 mole) was added i n benzene ( 5°Jl.) by syringe. 
The mixture was s t i r r e d at room temperature f o r one hour. During this 
time the amount of so l i d i n suspension had noticably increased, however 
the solution was pale creamy yellow i n colour. The mixture was heated 
at 70°C f o r a further hour during which time the colour deepened to a 
bright yellow. The benzene was removed under reduced pressure and 
ether (50 ml.) was condensed on to the lightbrown s o l i d residue. On 
s t i r r i n g f o r 30 minutes the mixture was f i l t e r e d giving a bright yellow 
solution. A sample of the solution was analysed by hydrolysis (Found: 
hydrolysable hydrogen, 6.98 ITcc.;beryllium, 4.63 mg; r a t i o of beryllium: 
hydrogen = 1 . 6 5 : l ) • 

The experiment was investigated no further, as results indicate 
only p a r t i a l exchange. 
Reaction of diphenylberyllium with triphenylstannane ( l l ) 

Diphenylberyllium ( I . 8 4 g.; 0.0113 mole.) was introduced, as a 
solution i n I 5 ml. of ether, in t o one limb of a double Schlenk tube. 
Triphenylstannane.(2.09g.5 0.0112 mole) i n ether (20 ml.) was added by 
syringe. The mixture was heated and s t i r r e d at 35^~40°C for one hour. 
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The solution remained clear during the whole operation. 
Benzene (lO ml.) was added and the mixture heated at 70°C fo r 

one hour. During t h i s operation ether slowly d i s t i l l e d from the reaction 
mixture into the other limb of the double Schlenk tube and a white s o l i d 
was. slowly deposited, and a sl i ^ f h t yellow colour developed. The temperature 
of the reaction mixture was raised to 75°C f o r a further hour. During the 
f i n a l 30 minutes no further s o l i d was precipitated, and the colour deepened 
to a bright yellow. The mixture was f i l t e r e d and ether (lO ml.) was added. 
A small sample of the solution was removed and analysed by hydrolysis 
(Found: hydrolysable hydrogen, 12-38 Ice; Be, 5*40 nig.; r a t i o of befyjlium; 
hydrogen = 1.02 : l ) . 

To the remainder of the solution 2.0 ml. of F,I,N',N' - tetramethyl-
ethylenediamine i n 10 ml. of ether were added. A pale yellow so l i d was 
immediately precipitated. The s o l i d was f i l t e r e d on to the sinter, washed 
twice with ether and pumped dry. The s o l i d obtained was ereamy yellow 
i n colour. (Found: hydrolysable hydrogen, 0.435; Be, 4«67; amine, 27.9; 

r a t i o hydrogen: beryllium: amine = 2:2:1. C^QE^^Be^^^\{VldBen)^.Me^li(C^E^m^ 

requires hydrolysable hydrogen, 0.67; Be 6.04; amine, 39«0) 

The solution remaining from hydrolysis was extracted with benzene 
before analysis for.beryllium; a white solid (O.O58 g.) was isolated on 
evaporation of benzene. The s o l i d melted at 220°C and i t s infrared spectrum 
was similar to what would be expected f o r a mixture of tetraphenyltin and 
hpxaphenyl d i - t i n . 

The infrared spectrum of the hydride containing product was identical 
to a spectrum of r(PhBeH)^Me NC-H Me^J prepared i n th i s department by an. 
alternative method. 
Reactions of-triethylstannane with, ether-free diethylberyllium 
A. Triethylstannane ( 3«50 g-, 0.0175 mole) was condensed i n t o one 
limb of a double Schlenk tube. To the frozen hydride diethylberyllium 
(10.45 ml. of a O.815M solution i n hexane, O.OO86 mole.) was added, 
the mixture allowed to warm to room temperature. When the reaction mixture 
had warmed to 0°C,a cloudiness i n the i n i t i a l l y clear solution was observed. 
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On further standing gas evolution was observed, accompanied by precipitation 
of a white s o l i d . The mixture was heated at 60°-70°C f o r two hours. 
Gas evolution, ceased a f t e r 30 minutes and after one hour no further solid 
was precipitated. However on f i l t e r i n g the so l i d from the solution, a 
further slow p r e c i p i t a t i o n from the.^solution occurred. The so l i d that had 
been f i l t e r e d from solution was pumped and analysed. (Found: hydrolysable 
ethyl, 46.8; hydrogen, 5.15; Be, 27.3^. Ratio of (H + Et)/Be = 1.99 : 1; 
and hydrolysable ethyl, 49.5; hydrogen, 3-62; Be, 23.1^ Ratio (H +Et)/Be = 
2.00 : 1.) 

The figures correspond to compositions ^| 3̂ approximately 
79 weight ^ pure, and Et^ Be approximately 16 weight ^ pure 
respectively. 
B. Triethylstannane (1.O8 g., 0.0052 mole.) was condensed into a reaction 
tube, f i t t e d with break-off side-arm. 3.12 ML. of a 0.8l5M?solution of 
diethylberyllium i n hexane (0.00265 mole.) were added by syringe and the 
tube sealed at a constriction provided. The reaction mixture was warmed 
to 65°C; gas evolution and and pr e c i p i t a t i o n occurring as before. The 
reaction was.allowed to proceed overnight. After I5 hours the tube was 
cooled to -196°C and opened via the break-off side-arm into a vacuum li n e 
and the gases evolved measured and i d e n t i f i e d . 
(Found: Gas v o l a t i l e at -196°C, I8.52 Ncc's. The gas, when ignited with 
excess oxygen, gave no carbon dioxide; and was thus shown to be hydrogen. 
Gas v o l a t i l e . a t -78°C, none) 
C. Trietbylstannane (4.28 g, 0.021 mole.) was condensed int o one arm 
of a double Schlenk tube and 12.8 ml. of O.815M solution of diethylberyllium 
i n hexane (O.OIO4 mole.) added by syringe. The double Schlenk tube was 
connected to a vacuum l i n e , the apparatus evacuated and the reactants allowed 
to warm to room temperature and f i n a l l y heated to 70°C. The double Schlenk 
tube was f i t t e d with an "acetone/CO^" cold-finger to condense reactants 
from the vapour phase back in t o the reaction mixture. Thg reaction was 
allowed to proceed over a period of 20 hours, the gas evolved being collected 
and measured i n the TBpler p\imp. However, even after 20 hours gas evolution. 
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although very slow, had not ceased and as the problem of maintaining vacuum-
t i g h t system over such an extended period i n the presence of solvent, was 
extremely d i f f i c u l t , the reaction mixture allowed to cool and the apparatus 
f i l l e d with nitrogen). Subsequent f i l t r a t i o n of the reaction mixture yielded 
an i n i t i a l l y clear solution which slowly deposited a white precipitate over 
a period of days, indicating the reaction i s very slow to reach coimpletion. 

I n view of the slowness of the reaction observed i n the previous 
experiments, a piece of apparatus was designed to enable the following operations 
to be carried out: (a) to allow complete reaction i n a vessel having no 
greased j o i n t s , (b) to allow measurement of gas produced at completion 
of reaction, (c) to allow separation of s o l i d and solution. The 
apparatus shown i n diagram was used fo r a l l following reactions between 
triethylstannane and diethylberyllium:. 
D. Triethylstannane (2.71g.> 0.13 mole.) was condensed into reaction 
bulb E of the apparatus. 8.1 ML. of a O.815 M solution of diethylberyllium 
i n hexane (O.O66I mole.) were added by syring'e through constriction A, the 
apparatus evacuatfedd and sealed at A. The reactants were allowed to warm 
to room temperature and the apparatus was maintained at 75^ f o r eight weebs. 
The reactants were cooled to -I968, the apparatus opened via -)break-off side-
arm F in t o a high vacuum l i n e and gas that had been evolved collected and 
measured. The apparatus was sealed at construction B and the solid f i l t e r e d 
on the s i n t e r . By condensing hexane from receive D into the reaction bulb 
E the s o l i d was washed f i v e times. The receiver D was cooled to -196°C 
overnight to ensure a l l v o l a t i l e material was condensed into D, and f i n a l l y 
constriction C was sealed to separate so l i d and solution. 
Analysis of products 
i ) Gas 

Found: Gas v o l a t i l e at -196°C, 46.5 Fee's. (Hydrogen). Gas v o l a t i l e 
at -78°C, none. 

i i ) Solid 
Found: Hydrohysable hydrogen, 3.77; ethyl, l8,4; Be, 19.4?̂  

Figures correspond to Et^ '^^ % 7I approximately 41 weight 
^ pure. 
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Infrared examination of the sol i d showed the following features: 
/ \ '^1 

(a) as anujd. mull: a broad absorption cented at 1742 cm." , 
(b) as a-perfluorokerosene mull: weak absorptions i n the region 3100-2900 cm" 
i i i ) Solution 

The solution was removed from bulb D by syringe and separated into 
three fractions by pumping through two traps, maintained at -50°C and -196°C 
respectively. The residue, i n v o l a t i l e at room temp^ture wasacolourless 
viscous o i l . This, and the fractions i n v o l a t i l e at -50°C and -196°C were 
i d e n t i f i e d by t h e i r infrared spectra. 

Fraction i n v o l a t i l e at -196°C 
The infrared spectrum of t h i s f r a c t i o n , a colourless l i q u i d , showed 

i t to be hexane. 
Fraction i n v o l a t i l e at -50°C 
This f r a c t i o n was i d e n t i f i e d as t e t r a e t h y l t i n , on comparison of i t s 

infrared spectrum with publisheJspefitra. ̂ ^^* 
Fraction a:-, i n v o l a t i l e at 25°C 
By comparison of i t s infrared spectrum with published spectra 

t h i s f r a c t i o n was shown to hexaethyl d i - t i n . An attempt to weigh-^each 
individual f r a c t i o n was made, but the results correspond to a iSO^yield 
of t e t r a e t h y l t i n , and i t was a;ssumed an error had been made. The results 
were disregarded. 
E. Triethylstannane ( 2 . 8 7 g . , 0.014 mile.) was condensed int o bulb B of 
a reaction vessel as shown i n diagram I I . 5*70 ml. of a O.815M solution of 
diethylberllium i n hexane. were added by syringe, the vessel exacuatedn 
and sealed at co n t r i c t i o n A. The react'ants were maintained at 75°C f o r 
8 weeks, gas evolution and pr e c i p i t a t i o n occuring as before, and the 
products separated and examined i n exactly the same way as described i n 
the previous experiment. 
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Analysis of products. 
( i ) Gas Qasvolatile at -196°C, 34 .1 lTcc.(gave no carbon 

dioxide on i g n i t i o n with excess oxygen. Therefore, 
i t . was hydrogen). 

( i i ) Solid 
Found: hydrolysable hydrogen, 2 . 11 ; ethyl, 9.03; Be 11.2^ 

I I I I 

Figures correspond t o Etp g^^Be.H^ approximately 22 
weight^ure. 

The infrared spectrum of the so l i d recorded as a nujol mull, showed 
only one main feature, a broad absorption centred at 1743 cm." 

( • i i i ) Solution 
The solution was separated into 3 fractions as previously 

described. 
Fraction i n v o l a t i l e -196°C; 

This f r a c t i o n was shown to be hexane by examination of i t s infrared 
spectrum. 

Fraction i n v o l a t i l e at -5Q°C: 
This infrared spectrum of t h i s f r a c t i o n was similar to that of 

t e t r a e t h y l t i n , but showed absorptions at l 8 0 1 cm.""̂  and 558 cm.~̂ * The 
former i s a t t r i b u t e d toV(Sn-H) and the f r a c t i o n assvimed to be a mixture 
of t e t r a e t h y l t i n and triethylstannane. 

Fraction i n v o l a t i l e at 25°C 
This f r a c t i o n , a viscous, o i l y l i q u i d , was shov/n,yby examination 

of i t s infrared spectrum, to be mainly hexaethyl d i - t i n . However, a rather 
broad absorption at 1796 cm. i s attributed to an i n v o l a t i l e t i n hydride, 
probably a decomposition product of triethylstannane. 

( i v ) Examination of hydrolysis solution of sol i d 
The solution resulting from hydrolysis of the s o l i d product 

was extracted with three 5 nil. portions of ether. The combined extracts 
were dried cjwer anhydrous magnesium sulphate and ether removed under 
reduced pressure. The infrared spectrum of the residue, a very small 
amount of white s o l i d , was examined as a nujol mull. The spectrum was 
very similar to that of hexa-ethyl d i - t i n and the residue was assumed 
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"to be an e t h y l t i n derivative. 
Thermal decomposition of triethylstannane 

Triethylstannane (4 .60g .) was condensed, into a tube f i t t e d with break-
o f f side-arm. The tube was sealed and heated at 75°C ̂ 'or 36 hours. The 
tube was opened via the break-off side-arm into a high vacuum l i n e and gas 
evolved collected, measured and i d e n t i f i e d . The residue, a colo\irless 
l i q u i d , was pumped to remove a l l v o l a t i l e components leaving a colourless 
viscous o i l . 
Analysis of products 

i ) Gas i n v o l a t i l e at -196°C, 107*4 Ice. (Hydrogen,gave no carbon dioxide 
on i g n i t i n g with excess oxygen) 

Gas v o l a t i l e at -78°C, none, 
i i ) V o l a t i l e compmnent of residue 

Infrared examination of th i s f r a c t i o n showed i t to be 
triethylstannane. 
i i i ) I n v o l a t i l e residue 

The infrared spectrum of t h i s f r a c t i o n showed absorptions 
at t r i b u t a b l e t o hexa-ethyl d i - t i n and triethylstannane. However, since 
i t i s i n v o l a t i l e at room temperature i t is assumed to be a mixture of 
hexa-ethyl d i - t i n and an i n v o l a t i l e e t h y l t i n hydride derivative. 
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Reactions of ethylberyllium hydride-trimethylamine 

Dimethylamine 

Dimethylamine (33*1 Ucc, O.OOI48 mole.) waS" condensed on to 
ethylberyllium hydride-trimethylamine (0 .145g ' ) O.OOI48 mole.) i n a 
50 ml. two-necked f l a s k connected to a high-vacuum l i n e . The dimethylamine 
was apparently absorbed to give a s o l i d product which melted with evolution 
of non-condensable gas. On warming to room temperature gas evolution was 
vigorous and complete i n I5 minutes. A l l v o l a t i l e products were collected 
and measured i n the vacuum l i n e . 

Found: Gas v o l a t i l e at -196°C, I 5 . 7 Ncc's, (hydrogen, gave no carbon 
(0.0073 mole)dioxide on i g n i t i n g with 

excess oxygen) 
Gas v o l a t i l e at -96°C, 16.1 Ucc's '0 .0074 mole) 

(ethane, i d e n t i f i e d by 
infrared spectrum). 

The i n f r a r e d spectrum of the o i l y residue was recorded and showed a sharp 
absorption at 1340 cm."''' ITo further experimefi.ts were carried out on t h i s 
product, since the elimination both hydrogen and ethane indicated that at 
least two products had been formed. 
Diethylmercury 

Trimethylamine-ethylberyllium hydride (0 .0948g. , 0.000968 mole.) 
was introduced in t o a reaction tube f i t t e d with break-off side-arm. 
Diethylmercury ( 0 . 2 5 g . , O.OOO968 mole.) was condensed into the tube; the 
tube evacuated, sealed and the reactants allowed to warm to room temperature. 
No v i s i b l e signs of reaction were observed. However, on warming to 60°C 
gas evolution was observed and the mixture became l i q u i d and gas evolution 
ceased. When cooled to room temperature the reaction mixture consisted 
of a colourless l i q u i d and metallic mercviry. 

The tube was opened yia the break-off side-arm and a l l v o l a t i l e 
components collected. The residue was merciiry. 
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Found: Gas v o l a t i l e at -196°C, none, 
Gas v o l a t i l e at -78°C, 21.Q ITcc, O.OOO968 mole. 

(ethane, i d e n t i f i e d by infrared 
spectrum, ) 

The l i q u i d product i n v o l a t i l e at -78°C, but v o l a t i l e at room tenip-
erature, was shown to be diethylberyllium-trimethylamine, Et^jBe-Me, 

^ ' 98. 

by comparison of i t s infrared spectrum with thgt of a known sample. 
W, IT*, U' - Tetramethyl-o-phenylene diamine 

N,IT,1T',1' tetramethyl-o-phenylenediamine O0.17g., 0.001 mole) 
were added by syringe toethylberyllium hydride-triraethylamine (0 .0878g. 

0.000896 mole.) i n a 50 mol. two-necked flas k . The mixture was allowed 
to stand at room temperature f o r I5 minutes, during which time no vi s i b l e 
sign of reaction was observed. On heating at 50°C for one hour the hydride 
complex slowly dissolved i n the amine and a gas was slowly evolved. The 
mixture was heated f o r a further 2 hours at 50°C, gas evolution, although 
very slow, continued throughout t h i s period. The gas was collected, 
measured and i d e n t i f i e d i n the vacuume l i n e . 

Found: Gas v o l a t i l e -40°C, 14-5 l^cc, (trimethylamine, i d e n t i f i e d by 
infrared spectrum),0.OOO6 mole.) 

The residue was a viscous o i l . The infrared spectrum of the o i l 
showed an absorption at 1325 cm.""̂  No attempt to puri f y the o i l was 
made. 
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Reactions of diphenylberyllium with donor molecules 

U, I , W , IT' - Tetramethyl-o-phenylenediamine 
Tetramethyl-o-phenylenediaraine ( 0 . 7 6 g . , 0.00457 mole.) was added, 

i n 5 ml. of benzene, tas diphenylbe^jilium (0.0767^> 0.00471 mole.) i n 
10 ml. of a 1:1 benzene/ether mixture contained i n one limb of a double 
Schlenk tube. After complete mixing the solution was pumped to low volume 
when colourless crystals were deposited. The crystals were f i l t e r e d on 
the si n t e r , washed with hexane and pumped dry. 

On heating i n a sealed tube, under nitrogen, the crystals melted 
i r r e v e r s i b l y at 260-26l°C, with shrinking at 248-249°C. When heated i n 
high vacuum, amine was evolved at 70-75°C ( i d e n t i f i e d by i t s infrared 
spectrum). I f heated rapidly to 160-165°C the product sublimed slowly, 
accompanied by loss of amine. The product decomposed slowly i n a i r and 
was slov/ly hydrolysed by water (Found: hydrolysable phenyl, 47*0; Be, 2 .79j 

M, cryoscopically i n benzene, 327> 324 i n 1.06, 0.53 weight ^ solutions 
respectively. ^22^26'^^^2 hydrolysable phenyl, 4 7 ' 1 ; Be, 2.82; M 
327) 

The molecular weight measurements correspond to degrees of 
association of. 1.00, 0.99 respectively. 
H, ]g') IT' - Tetramethylethylenediamine 

A solution of diphenylberyllium ( l . 0 9 g , O.OO667 mole.) i n 10 ml. 
of a 1:1 benzene/ether mixture was.transferred by syringe in t o one limb 
of a double Schlenk tube. Tetramethylethylenediamine (0.765g.> O.OO67 mole.) 
was added i n 5 ml. of benzene. A s l i g h t l y exothermic reaction occurred, 
with deposition of a small amount of cr y s t a l l i n e s o l i d . Hexane 5 ml. 
was added and the mixture boiled giving a clear solution. On cooling 
colourless c r y s t a l i s (plates) were deposited. These were f i l t e r e d on the 
sin t e r , washed with hexane and pumped dry. 

When heated i n a sealed tube, under nitrogen, the crystals decomposed 
at 150-156°C, with shrinking at 98-99°C. 
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The product slowly turned white i n a i r and decomposed slowly i n water. 
(Found: diamine, 4 1 . 0 . , Be, 3*25; M, cryoscopically i n benzene, 284, 278 

i n 1.10, 0.55 weight ̂  solutions. C „ „ ^ . AT ^ ' -̂̂  e / -ĵ gĤ gF̂ Be requires diamine, 4 1 . 6 ; ; 

Be, 3.23%;M, 279) 

The molecular weight measurements correspond to degrees of association 
of 1.02, 1.00 respectively. 
1,2 - Dimethoxyethane 

A solution of diphenylberylli^m ( l . . 3 6 g . , O.OO837 mole.) i n ether 
(10 ml.) was transferred by syringe to one limb of a double Schlenk 
tube. Addition of 1,2-dimethoxyethane (O.88 g., 0.00 979 mole.) i n 
ether (5 ml.) resulted i n warming of the reaction mixture. The clear 
solution v/as pumped to half-volume, whereupon crystals were deposited. 
The.small, needle-like crystals were f i l t e r e d on the sinter and pumped 
dry. 

When heated i n a sealed tube, under nitrogen, the crystals melted 
reversibly at 143-145°C, with shrinking at 130-135°C, When exposed to 
the a i r the crystals slowly turned l i q u i d , and decomposed very slowly 
i n water. (Found: hydrolysable, phenyl, 59.8; Be, 3.59^ M, cryoscopically 
i n benzene, 258, 241 i n 1 .11 , 0.55 weight ^ solutions respectively. 
C-ĵ gHĝ BeÔ  requires hydrolysable phenyl, 60.9; Be, 3.58; M, 253) 

The molecular weight measurements correspond to degress of 
association of ri ; 0 2 , 0.97 respectively. 
2 , 5 - Dithiahexane 

DiphenylberyIlium (l . 3 9 g . > O.OO852 mole.) was transferred, i n a 
small glass tube under nitrogen, to one limb of a double Schlenk tube, 
2,5-Dithiahexane ( l . 0 4 g . , O.OO852 mole.) i n benzene ( I 5 ml.) was added 

by syring9. reaction mixture was boiled and s t i r r e d for ten minutes 
during which time, the diphenylberyllium dissolved giving a clear, colourless 
solution. Hexane ( 5 nil.) was added and the solution allowed to cool and 
stand overnight. Colourless crystals (needles) were slowly deposited, 
which were f i l t e r e d on the sinter and pumped dry. 
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When heated i n a sealed tube, the crystals melted reversibly 
at 127-128°C. When exposed to a i r the crystals turned v/hite, and 
reacted slowly with d i l u t e sulphuric acid, warming to 60°C being necessary 
to completely dissolve.the s o l i d . (Found: Be,3il3; disulphide (weighed as 
the PdCl2 complex),41.9; 1, cryoscopically i n benzene, 279, 277 i n 1.59) 
0.80 weight io solutions respectively. Ĉ gĤ Ŝ̂ Be requires Be, 3'16; disulphide, 
42.8; M, 285) 

The molecular weight measurements correspond to degrees of association 
of 0.98, 0.97 respectively. 
Diethyl ether 

Diphenylberyllium (l.62g., 0.0099 mole.) was dissolved i n 
d i e t h y l ether (20 ml.) and the solution transferred to one limb of a 
double Schenk tube. On cooling to -78°C, long, needle-like crystals 
were deposited, which were f i l t e r e d on the sinter and pumped dry. 

When heated i n a sealed tube, under nitrogen, the crystals melted 
i r r e v e r s i b l y at 55«59°C. The crystals reacted slowly with water and were 
unaffected by short exposure to a i r . (Found: hydrolysable phenyl, 6I.6; 
Be, 3.60 ̂ ; r a t i o of phenyl: beryllium'= 2.00 : 1. Ĉ QĤ QP̂ Be, Ph^Be.(0Et2)2 
requires hydrolysable phenyl, 49.5; Be, 2.9 f . C^^H^QO Be, Ph2Be.0Et2 
requires hydrolysable phenyl, 65.0; Be, 3.79^) 
Trimetbylamine 

Diphenylberyllium (o.045s.> O.OO518 mole.) v;as transferred to one 
limb of a double Schlenk tube i n a small weighing-tube. Benzene (15 ml.) 
was added and excess trimethylaraine (400.1Tcc) was condensed on to the 
mixture. On allowing to warm to room temperature and s t i r r i n g f o r I5 
minutes, the diphenylberyllium slowly dissolved. When hexane (lO ml.) 
was added and the solution allowed to stand, white,needle-like crystals 
were deposited. The crystals were f i l t e r e d on the sinter and pumped dry. 

Vfcen heated i n a sealed tube, under nitrogen, the product melted 
at 65-67.5°C. (Found: hydrolysable phenyl, 64.8; Be, 3.88^;ratio 
of phenyl: beryllium = 1.99 ' 1. î8̂ 28̂ 2'̂ ®' ^'^.^^•{'^-^2 
hydrolysable phenyl, 56.8; Be, 3.21^. G'̂  - H N Be, Ph Be.ffle require 

15) I 7 ^ J) 
hydrolysable phenyl, 69.4; Be, 4.O6 



- 84 -

Tensimetric t i t r a t i o n s of diphenylberyllium with donor molecules 
The reactions of diphenylberyllium with diethyl ether and trimethy-

l^mine resulted i n the i s o l a t i o n of products, which correspond to 
compositions intermediate between the 2 :1 and 1:1 coordination complexes. 
These unexpected results prompted the tensimetric investigations of 
various diphenylberyllium/ donor molecules systems. The equilibrium 
pressure (pmm.) at 0°C was plotted against the mole r a t i o of donor molecule 
against diphenylberyllium. 
Tensimetric t i t r a t i o n of diphenylberyllium with diethyl ether at 0°C 

Weight of diphenylberyllium = 0.5539g. (75.9 Ncc.) 

Vol. Et20 (cc) P(mm) Et^O/Ph^Be 

259.3 170.1 3.41 

210.8 166.2 2.78 

198.0 1.65.7 2.61 

163.8 118.3 2.16 

158.4 86 .1 . 2.09 

149.2 117.3 1.97 

146.5 17 .1 1.93 

130.5 16.8 1.72 

117.9 16.6 1.55 

104.1 15.6 1.37 

85.5 11.6 1.13 

79.6 3.21 1.05 

77.4 0.005 1.02 

76.4 6 1.01 
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The equilibrium pressure P(mm.)/niole r a t i o plot i s shown i n f i g . I 

Tensimetric t i t r a t i o n of dipheavlberyllium with diethyl sulphide at 0°C 
• Weight of diphenylberyllum = 0.7468g. (102.4 Ncc). 

Vol. EtgS (cc) P(iain) Et2S/Ph2Be 

274.0 19.1 2.68 

238.0 17.8 2.32 

226.4 17.2 - 2.21 

202.9 16.2 1.98 

190.0 14.8 1.86 

182.0 13.8 1.78 

172.5 11.4 1.68 

Vol.EtgS (cc) P(mm) Et|S/Ph2Be 

167.5 10.2 1.64 

162.0 6.93 1.58 

160.0 1.56 1.56 

157.8 • 0.01 1.54 

157.0 0 1.53 

The equilibrium pressure P(mm.)/mole r a t i o p lot i s shown i n f i g . I I . 

o. Tensimetric t i t r a t i o n of diphenylberyllium v/ith dimethyl ether at 0"C 
Weight of diphenylberyllium = 0.5229 g. (71.9 Ncc.) 

Vol. Mê O (cc) .P(nim). Me20/Ph2Be 

164 74.3 2.28 

148 31.1 2.06 

144 0.53 2.00 
141 0 1.98 

The equilibrium pressure P(mm)/mole r a t i o p lot i s shown i n f i g . I I I . 
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Tensimetric t i t r a t i o n of diphenyl"beryllium with dimethyl-sulphide at 0°C 
Weight of diphenylheryllium = O.5509 g. (75*7 Ncc.) 

Vol. Me^sCcc) P(nm) Mê S/PhgBe 

224.1 142.5 2.96 

203.6 141.5 2.69 

188.5' • ' 124.8 2.49 

182.5 113.0 2.41 

173.3 78.6 2.29'^.>: • 

169.8 58.1 2.24 

167.8 46.8 2.22 

163.7 '-• - • ; 20.4 2.i6r 

160.7 15.0 2.12 

158.5 6.05 2.09 

155.0 0 2.03 

The equilibrium pressure P(mm. )/mole r a t i o plot i s shown i n f i g . IV. 

0, Tensimetric t i t r a t i o n of diphenylberyllium with trimethylamine at 0 C 
Weight of diphenylberyllium = 0.4674g. (64.2 Ncc.) 

Vol. Me^N(cc) P( mm) Me,w/Ph 
-> 

200.8 508.5 4.69 

155.9 194.2 2.43 

137'. 5 83.6 2.14 

129.5 39.0 2.02 

122.6 15.6 1.91 

119.5 0.79 1.86 

112.0 0.50 1.75 
101.8 0.48 1.59 

94.3 0.03 1.47 

91.3 0.02 1.42 

63.1 0 0.98 

The equilibrium pressure P(mm)/mole r a t i o plot i s shown i n f i g . V. 
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Tensimetrio t i t r a t i o n of diphegylberyllium with trimetbylphosphine at Ô C 
Weight of diphenylberyllium = 0.6l36g. (84.3 Ncc.) 

Vol. Me^P(cc.) P(fflm.) Mê P/Pĥ Be 

196 73.6 2.33 

179 28.7 2.12 

170 1.65 2.02 

168 0 - 1.99 

The equilibrium pressure P(mm.)/mole r a t i o plot i s shown i n f i g . VI. 
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Preparation of diphenylberyllium-bi3(trimethylphosphine) 
Mphenylberyllium (15 ml. of a O.5I M solution i n ether, O.OO765 

mole.) was transferred to one limb of a double ScHenk tube. The solvent 
ether was removed under reduced pressure and the white, crystalline residue 
was pumped at 50°C f o r two hours. Toluene (lO ml.) was added to the 
residue, and trimethylphosphine (80O fTcc, O.O356 mole.) was condensed on 
to the mixture. On v/arming to room temperature, the s o l i d slowly dissolved 
to give a clear, colourless solution. Hezane (lO ml.) was added and on 
cooling to -78°C a white c r y s t a l l i n e solid (needles) was.slowly deposited, 
The crystals were f i l t e r e d on the sinter, washed once with hexane saturated! 
with triraethylphosphine, and pumped dry at -15°C. 

When heated i n a sealed tube, under nitrogen, the crystals softened 
at 80-82°C and melted with decomposition at 132-134°C. (Found: Be, 2.90; 

phosphine, 47.8; M, cryoscopically i n benzene, 271, 236 i n 1.32, 0.66 

weight ^ solutions respectively. Ĉ gH2gP2Be requires Be,2.86; phosphine, 
48.3; M, 317) 

Preparation of diphenylberyllium-bis(dimethyl sulphide) 
•J Diphenylberyllmum (15 ml. of a O.5I M solution i n ether) was 

transferred to one limb of a double Schlenk tube. The solvent ether was 
removed under reduced pressure and the residue pumped at 50°C f o r two 
hours. Dimethyl sulphide (lO ml.) was added and the mixture s t i r r e d at room 
temperature f o r one hour. The residue;:slowly dissolved to give a clear, 
colourless solution. The solution was cooled to -78°C and kept at this 
temperature overnight. Colourless, plate-like crystals were deposited, which 
were f i l t e r e d on the sinter and pumped dry at -15°C. 

The crystals melted at 111-113°C with decomposition, when heated 
i n a sealed tube, under nitrogen. (Pound: Be, 3,̂ .15) sulphide, 42.8; H, 
cryoscopically i n benzene, 200, I 8 I , i n I . 4 8 , 0.74 weight ̂  solutions 
respectively. C^gH22S2Be requires Be, 3 .̂14; sulphide, 43.2; M, 287} 
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Measurement of the heats of dissociation of diphenylberyllmUm coordination 
complexes. 

The investigation was confined to the bis-coraplexes formed by 
reaction of dimethyl ether, dimethyl sulphide, trimetbylamine and 
trimethylphosphine with diphenylberyllium. 

Excess donor compound was allowed to equilibrate with a known 
weight of diphenylberyllium over a period of several days. The excess 
donor compound was then removed from the mixture, cooled at -15°C u n t i l 
the mole r a t i o of donor/diphenylberyllium was 2 : 1 . The remaining bis-con^j^ex 
was slowly heated from -15°C to about 70°C, the equilibrium dissociation 
pressure at various temperatures was measured. 

A graph.of log -,-Pmm., dissociation pressure mm;l versus 
0 "~1 
( K ) was plotted f o r each complex. I n each case a linear plot was 
obtained, and by measurement of the slope the heat of dissociation over 
the temperature range investigate!was calculated; 

^ ^ I S S " 2.303 z Rx Slope Kcal. mole.""^ 

Dimethyl ether 
Weight of diphenylberylliiim = 0.5229 g. (71.9 l^cc) 
Volume of dimethyl ether = I4I.O Ucc. 
Mole r a t i o dimethyl ether/diphenylberyllum = 1.97 s l * 

Pmm. log (Pmm.) T \ . 
•5 

7.6 0.8808 307.5 . 3.252 X 10~^ 

13.1 1.1173 316.6 3.159 z 10~ 

26.9 1.4298 325.1 3.076 X 10"-̂  

69.2 .1.8401 335-0 2.985 z 10"^ 

111.2 2.0461 340.7 2.935 z 10~^ 

The plot of log (Pram.) versus i s shown i n f i g . V I I 

Slope = 3.941 X 10^ °K . 
Thus-^Hjjjgg = 17.9 Kcal. mole~l. (0-r70°C) 
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Pph. log^Q (Pram) T °K 
96.22 1.9833 307.0 

127.6 2.1058 311.4 

240.6 2.3813 , 322.4 

300.1 2.4772 326.4 
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Dimethyl sulphide 

Weight of diphenylberyllum = 0.4759 g. (65.4 Ncc) 
Volume of dimethyl sulphide = 129.0 Ncc. 
Mole r a t i o dimethyl sulphide/diphenylberyllum = I . 98 : 1 

1 4 0 ^ - 1 . 

3.257 X 10"^ 

3.210 X 10"^ 

3.102 X 10"^ 

3.064 X 10"^ 

The plot of log (Pmm.) versus shown i n f i g V I I I . 
Slope = 2.619 X 10^ oK 

Thus ^Hjj^gg = 12.0 Kcal. mole.~-^ (0-50°C) 

Trimethylamine 
Weight of diphenylberyllum = O.5624 g. (77.3 Ncc.) 
Volume of trimethylamine = 155.0 Ncc. 
•Mole r a t i o trimethylamine/ijiphenylberyllum = 2.00 : 1 . 

1 / t 0^-1_ 

3.6605 X 10"^ 
3.343 X 10"^ 
3.288 X 10"^ 

.-3 

Pmm. log^^tPinm.) T °K. 
1.52 0.1818 273.2 

5.05 0.7033 299.1 

7.93 0.8993 304.1 

15.57 1^. 1-923 312.2 

31.65 1.5004 322.1 

69.01 1.8389 331.0 

203.5 2.3086 344.8 

3.204 X 10 

.-3 
3.105 X 10 ^ 

3.021 X 10. 

2.901 X 10"-̂  

Slope = 3.656 X 10^ 

Thus ^ H ^ j g = 16.7 Kcal. mole."''" (0^0°C) 
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Trimethylphosphine 
Weight of diphenylberyllium - O.6I36 g. (84.3 Ncc.) 
Volume of trimethylphosphine = I68.O Ncc. 
Mole r a t i o trimethylphosphine/diphenylberyllium = 1.99 

Pmm. Log^Q (Pmm) T °K -^/T 

5.51 0.7412 311.6 3.209 X 10"^ 

13.93 1.1440 330.7 3.024 X 10"^ 

22.89 1.3596 344.6 2'?902 X 10~3 

35.49 1.5501. 359.7 2.788 X 10"^ 

The plot of log ̂ ^(Pmm) versus Is shown i n f i g X. 
Slope = 1.902 X 10^ °K 

Thus ^ H j j j s s = 8.68 Kcal. mole.""^ (0-86°C) 
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Reactions of diphenylberyliium with donor molecules containing 
active hydro^n 

IT,IT,IT' - Trimethylethylenediamine 
Diphenylberyllium (2.402g. ,0.0147 mole), dissolved i n 10ml. 

of ether was transferred to one limb of a double Schlenk tube, 
ll,l]",lir' - Trimethylethylendiamine (l . 4 9 g . ,Oi0146 mole), i n 10ml. of 
ether, was added dropwise with shaking. An exothermic reaction was 
observed and a white c r y s t a l l i n e s o l i d was slowly precipitated. The 
solid was f i l t e r e d from the solution and recrystallised from 15ol. 

of a 1:1 benzene/hexane mixture. The product which crystallised as 
small needles on cooling to room temperature, was f i l t e r e d on the 
sinter and pumped dry. 

On heating i n a sealed tube, under nitrogen, the product 
decomposed at 255-25^°C. The product reacted very slowly with 
water and i t was found necessary to heat the product with d i l u t e 
sulphuric acid to complete decomposition.(Pound: Be, 4.80; diamine, 
53.8; M, cryoscopically i n benzene, 375)380 i n 1.38, 0.69 w e i ^ t $ 
solutions. Ĉ -ĵ Ĥ QN̂ Be requires ^ 4 . 8 l ; diamine, 54.0, M,l89). 

. The molecular weight measurements correspond to degrees of 
association of 1.99,2.01 respectively. 
Diphenylamine 

A solution of diphenylberyllium (2.19g.,0.0135 mole), i n 
10ml. of diethyl: ether, was transferred to one limb of a double Schlenk 
tube by syringe. Diphenylamine (2.27g. ,0.0134 mole.), i n 10ml. of 
toluene, was added slowly with s t i r r i n g to the diphenylberyllium 
solution. An exothermic reaction was observed and i t was found 
necessary to cool the reaction mixture during the reaction. The 
solution was pumped to low volume and hexane (lOml.) was added. 
On cooling to -78°C, a c r y s t a l l i n e product was slowly precipitated. 
The crystals were f i l t e r e d on the sinter and pumped dry. 
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The crystals were very sensitive to a i r and water. When 
exposed to a i r the crystals immediately turned green and the colour 
slowly deepened to a dark blue. Reaction with water was very 
vigorous, and i t was found necessary to use 2 - methoxyethanol when 
hydrolysing f o r analysis. When heated i n a sealed tube, under 
nitrogen, the crystals softened i n the range 120-130 C and melted, 
with decomposition, at 260-262°C. (Found; Be, 3.52; amine, 66.20; 

M, cryoscopically i n benzene, 500, (]fi"91 i n 1.69, O.85 w e i ^ t ̂  
solutions. C^gH^^eN requires Be, 3»54; amine, 66.53; M,254). 

The molecular weight measurements correspond to degrees of 
association of 1.99> 1«98 respectively. 
Reaction of phenyl(diphenylamino)beryllium with 2 ,2'-bipyiidyl 

Phenyl(diphenylamino)beryllium (0.9l4g» ,0.0036 mole.) was 
transferredj as a solution i n 20ml. of benzene, to one limb of a 
double Schlenk tube by syringe. A solution of 2 ,2'-bipyildyl 
(0.57g'>0.00358 mole) i n 10ml of benzene was added slowly with 
s t i r r i n g . A deep red colour was immediately formed and a deep red 
cr y s t a l l i n e solid slowly precipitated. The sol i d was found to be 
moderately soluble i n b o i l i n g benzene, and by several extractions 
with b o i l i n g benzene the product was extracted into the other limb 
of the double Schlenk tube. However, when the solution was allowed 
to cool, the crystals f i l t e r e d on the sinter and pumped dry; the 
product was found to be a mixture of red crystals and pale cream 
crystals. Several attempts to obtain a pure product by rec r y s t a l l i s a t i o n 
from benzene were made, bjit the resulting product was always a mixture 
of red crystals and pale cream crystals. Analysis of solid suggested 
that the product was a mixture. (Pound: Be,2.69; bipy, 42.6; 

r a t i o Be: bipy = 1.2:1. PhBe(Bipy)Nph2 requires Be,2.15; b i p y , 3 9 . ^ ; 

r a t i o Betbipy = l i l ) . 
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Dimethylamine 
Diphenylberyllium (2 .15g. , 0.0132 mole), dissolved i n 

20ml. of a 1:1 toluene/ether mixture, was transferred to one limb 
of a double Schlenk tube. The double Schlenk tube.was attached to 
a h i ^ vacuum l i n e , evacuated axid dimethylamine (295.0 Ncc, 0.0131 mole) 
was condensed onto the diphenylbeiyllium solution cooled to -196°C. 
On allowing the solution to waim slowly to rocm temperature, a white 
s o l i d was precipitated at -78°C. The precipitate slowly dissolved 
as the solution was s t i r r e d and wanned at 4o°C. On cooling the 
solution to -78°C i t remained clear and no soli d precipitated. 
The solution was pumped to'low volume (8ml.) and 10ml. of dry 
hexane were added. The solution was cooled to -78°C and on allowing 
to stand, at t h i s temperature, overnight long needle-like, colourless 
crystals c r y s t a l l i s e d from the solution. The crystals were f i l t e r e d 
onto the sinter and pumped. 

On heating i n a sealed tube, under nitrogen, the crystals 
melted at ^5^°C. The crystals decomposed quickly when exposed to 
a i r , and were hydrolysed quite vigorously by water. (Found: Be,6.91: 
amine, 33*8: M, cryoscopically i n benzene, 391,409 i n 1.49,0174 weight 
^ solutions respectively. CgĤ ĵ BeN̂  requires Be,6.92: amine, 33»9s 
M,130). The molecular w e i ^ t measurements correspond to degrees of 
association of 3»01,3.14 respectively. 
Methanol 

A solution of diphenylberyllium (2.32g., 0.0143 mole) i n 
10ml. of a 1:1 benzene/ether mixture was transferred to one arm of 
a double Schlenk tube. Methanol (O.57ml.,0.0142 mole) i n 5ml. of 
ether was added dropwise with s t i r r i n g . An exothermic reaction was 
observed and i t was necessary to cool the reaction mixture to prevent 
loss of solvent. On pumping the resulting clear solution to low 
volume a viscous o i l was obtained. The o i l was dissolved i n ^ml» of 
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toluene and on addition of lOml. of hexane and cooling to -7B°C 
a white c r y s t a l l i n e solid was precipitated. The solid was 
f i l t e r e d onto the sinter and pumped dry. 

When heated i n a sealed tube, under nitrogen, the crystals 
melted reversibly at 53-55°C. When exposed to a i r the solid slowly 
decomposed, and reacted f a i r l y vigorously with water. (Pound; 
Be,4.95'. plienyl, 4 5'lj ( r a t i o phenyl: Be,l;l) C^gBeO, PhBeCME, 
requires Be,^.^: phenyl; 4^.9). 

On the basis of the ansilytical results, i t was concluded 
that some ether i s held by the phenylberyllium methoxide. This 
conclusion was confirmed by examination of the infrared spectrum 
of the sol i d . To overcome t h i s complication the reaction was 
repeated i n a non-etheral solvent. 

A suspension of diphenylberyllium (3 .8lg. , 0.023 mole) i n 
10ml. of benzene was transferred to one arm of a double Schlenk 
tube. Methanol (0.94nil., 0.023 mole) i n ICtal. of benzene was 
added very slowly, with s t i r r i n g . An exothermic reaction was 
observed and the diphenylberyllium slowly dissolved, eventually 
giving a clear solution. On addition of hexane, l ^ n l . a white 
c r y s t a l l i n e solid was slowly precipitated which was f i l t e r e d onto 
the sinter and pumped dry. 

When heated i n a sealed tube, under nitrogen, the solid 
melted reversibly at 177-17^^ , with shrinking at 168-170°C. The . 
solid was decomposed v i o l e n t l y by water and decomposed.with immediate 
charring when exposed to a i r . (Found: Be,7.76; phenyl,64.7; M, 
cryoscopically i n benzene, 450, 452 i n I . 8 5 , 0.93 w e i ^ t ^ solutions 
respectively. Ĉ QBe'G requires Be,7.69: phenyl, 64.9; M,117.) The 
lolecular w e i ^ t measurements correspond to degrees of association 
of 3.85, 3.86 respectively. 
m 
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Reaction of phenylberyllium chloride with sodium triethylboron hydride 
Diphenylberyllium (63.O ml. of a 0..5I M solution i n ether, 

0.0321 mole.) was transferred by syringe to one limb of a large Schlenk 
tube. A solution of beryllium chloride (2.570 g., 0.0322 mole.) i n 
50 ml. of ether was added. The mixture was vigorously s t i r r e d and a 
solution of sodium triethylboron hydride (95.6 of a 0.67 M solution i n 
ether, O.O64I mole) was slov/ly added. A white s o l i d was immediately 
precipitated, accompanied^by a s l i g h t warming of the reaction mixture. 
The solution was allowed to stand f o r one hour, during which time some 
of the precipitate s e t t l e d . A small sample of the supernatant l i q u i d 
was withdrawn by syringe and andlysed by hydrolysis. The r a t i o of hydrolysable 
hydrogen to beryllium to chloride was found to be O.98 : 1 : 0.03• 

Addition of sodium triethylboron hydride, the quantity calculated 
to react with.the excess chloride (3-0 ml,), resulted i n immediate 
coagulation of the precipitate. The solution was f i l t e r e d on the sinter 
and the f i l t r a t e analysed by hydrolysis of a small sample. The r a t i o of 
hydrolysable hydrogen to beryllium to sodium was found to be 1.01 J 1 : 0.002. 

The reactions of the solution with trimethylamine and trimethyl-
phosphine were then investigated. 
Trimethylamine 

A portion of the solution (60 ml.) was transferred to one limb of 
a double Schlenk tube. Trimethylamine (700 Ncc.) was condensed on to the 
solution arid the mixture allowed to stand at room temperature f o r one 
hour. A small quantity of white s o l i d was precipitated. 

The mixture was f i l t e r e d on the sinter, and ether was removed from 
the f i l t r a t e under reduced pressure. • The o i l obtained by removal of solvent 
was then pumped i n high vacuum f o r one hour. (Pound: hydroiysablte;hydrogpn, 
0.634; Be, 5.63; amine, 26.0; B, 23.2 i. Ĉ Ĥ B̂eH, PhBeH.HMê , requires 
hydrolysable hydrogen, O.685; Be, 6.I6; amine, 40.4/^.) 

The analytical results shovm an appreciable amount of boron i s 
residue, the figures corresponding to the approximate composition PhBeH. 
(HMe,)^ „(Et,B) • The reaction was repeated under different conditions 
i n the attempt to obtain a product containing no boron. 
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A portion of the solution (60 ml.) was transferred by syringe 
to a reaction tube. The ether was removed under reduced pressure and 
the o i l y residue p\imped i n high vacuum f o r one hour.. Benzene (20 ml.) 
was added and trimethylamine (3OOO Ncc.) was condensed on to the mixture. 
The tube was sealed at the constriction and the reaction mixture allowed 
to stand at room temperature overnight. A white crystalline s o l i d was 
slowly precipitated from the solution. The tube was opened to a high 
vacuum l i n e via a break-off side-arm and the excess trimetbylamine removed 
under reduced pressure. 

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

The s o l i d was transferred by three extractions with beti3ene, to the 
other limb, and allowed to c r y s t a l l i s e from solution. The product crystallised 
slowly as white needles, which.were f i l t e r e d on the sinter and pumped dry. 

The crystals, when heated i n a sealed tube under nitrogen, did 
not melt below 300°C, but slowly charred i n the range l80-230°C. 
(Found: hydrolysable hydrogen, 0.69; Be, 6.14; amine, 40.3; M, cryoscopically 
i n benzene, 285, 290 i n O.4I, 0.42 weight $ solutions respectively. 
. Ĉ Ĥ B̂eU requires hydrolysable hydrogen, O.685; Be, 6.I6; amine, 40.45̂ 5 
M, 146.) 

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

The infrared spectrum of the compound, recorded as a nujol mull, 
showed two absorptions at 1342 and I3I6 cm.""*"* i n the 1300-1350 cm. region. 
Trimetbylphosphine 

A portion of the solution (60 ml.) was transferred to a reaction 
tube and the ether removed under reduced pressure. The o i l y residue was 
pumped i n high vacuum f o r one hour. Benzene (20 ml.) was ad^ed and 
trimethylphosphine (3OOO Ncc.) was condensed on to the mixture. The tube 
was sealed at the constriction arid the mixture allowed to stand overnight. 
The tube was opened to a high vacuum li n e via a break-off side-arm and 
the excess trimethylphosphine removed under reduded pressure. The remaining 
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clear, colourless solution was transferred by syringe to one iimb of a 
double Schlenk tube. The solution was pumped to low volume and a colour­
less c r y s t a l l i n e s o l i d was slowly deposited. The soli d was f i l t e r e d on 
the s i n t e r and pumped dry. (Found: bydrolysable hydrogen, 0.672; Be, 6.04; 

phosphine, 31•3) 

The analytical results indicate on approximate composition PhBeH.'. • t . 

(PMe^)^ g and the infrared spectrum of the compound showed, i n addition 
to absorptions i n the region 1300-1350 cm. a broad absorption centred at 
1754 cm. indicating the presence of polymeric (Be-H-Be) units. 

The s o l i d was dissolved i n toluene (lO ml.) and trimethyl-phosphine 
(lOOO ITcc) was condensed on to the solution. On cooling to -78°C crystals 
were deposited, which were f i l t e r e d on the sinter, washed with hexane 
saturated with trimethylphosphine and pumped dry at -15°C, 

When heated i n a sealed tube, under nitrogen,itslowly charred i n 
the range 190-220°C. (Found: hydrolysable hydrogen, 0.6l; Be, 5'46; phosphine, 
46.7; M, cryoscopically i n benzene, 271 i n O.4I weight ^ solution. 
Ĉ Ĥ B̂eP requires hydrolysable hydrogen, 0.62; Be, 5*49; phosphine, 46.9 i> 

M, 163) . 

The infrared spectrum of the compound, recorded as a nujol mull, 
showed absprptions at 1356 and 1312 cm."''" i n the 1300-1350 cm, ̂  region. 
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DISCUSSION 

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

route to beryllium hydride: 

Q (-
i n the absence of solvent, has been investigated as a preparative 

lE^Be + 2 IE2AIH > 2MÊ A1 + BeH2. 

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

m^Be + ME2AIH . "MEBeH" + IfflE^AI 

could explain the results. 
However, reaction of dimethylberyllium and dimethylaluminium hydride 

i n 1:1 molar proportions, i n ether solution gives a product containing 
aluminium. Similar results-.vwere obtained i n the attempted preparation 
of berylium hydride by reaction of dimethylberyllium with l i t h i u m aluminium 
hydride ^^'^* I t i s quite possible, as both beryllium and aluminium are 
electron deficient i n t h e i r a l k y l and hydride derivatives, that aluminium 
i s bound into the polymer chain of the alkylberyllium hydride or beryllium 
hydride. Alternatively, i t i s possible that the diraethylaluminium hydride 
disproportionat es. 

3ME2AIH ^ 2L5Ê AI * AIH^ 

during the reaostion, thus contaminating the product with aluminium hydride, 
The reaction between dimethylberyllium anddimethylaluminium hydride was 
not investigated further as the reaction between dialkyl/beryllium and 
trithylstannane seemed more promising as a route to alkylberyllium hydrides. 
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Reaction of diethylberyllium with trietbylstannane i n ether 
77. 

A preliminary investigation of the reaction of diethylberyllium 
with triethylstannane i n ethereal solution has shown that t e t r f e t h y l t i n 
and ethylberyllium hydride are formed. 

Et2Be + Et^SnH —^'EtBeH' + Et^Sn 

The conditions under which the reaction proceeds have now been 
investigated. A similar exchange between triethylstannane and t r i e t h y l -
aluminium ( g i v i n g Et^AIS) i s r e p o r t e d , a n d i s inhibited by ethers 
and t e r t i a r y amines. 

77. 
I t i s suggested i n the preliminary report of the reaction 

of EtgBe and Et^SnH that, assuming exchange involves an electron-deficient 
intermediate, i t i s not surprising that exchange involving beryllium 
alkyls would proceed i n the presence of ethers, as there i s evidence that 
electron-deficient bridges persist i n dimethylberyllium i n the presence 
of ethers and triraethylphosphine. ^* I n contrast, i t is probable that 
the electron-deficiency of triethylaluminium would be removed under such 
conditions by formation of coordination complexes, and thereaction would 
be i n h i b i t e d . However, reaction of diethylberyllium with triethylstannane 
results i n complete exchange, but during the reaction most of the ether 
d i s t i l s from the reaction mixture. Thus, i t seem l i k e l y that the 
reaction i s i n h i b i t e d by a large excess of ether and w i l l only proceed 
to completion when most of the ether has d i s t i l l e d from the mixtxire. 
Reaction of dimethylberyllium with Triethylstannane i n ether 

The p o t e n t i a l i t y of reactions of beryllium dialkys with t r i e t h y l ­
stannane as a preparative route to alkylberyllium hydrides was investigated 
by reaction of dimet.hylberyllium with triethylstannane. 
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Under exactly similar conditions, to those of the diethylberyllium reaction, 
dimethylberyllium gave an i n v o l a t i l e residue, soluble i n ether, which 
gave methane and hydrogen i n the r a t i o 1:1.02 on hydrolysis,. Thus a l k y l / 
hydrogen exchange takes place with no complications due to a l k y l / a l k y l exchange. 

MÊ Be t Et^SnH-^"MEBeH" + Et^SnMB 

Reaction of the "MEBeH" solution with trimethylamine gave methylberyllium 
hydride - trimethylamine, (MEBeHMME,)^ which had previously been prepared 

81. -' ' 
by another method 

Addition of trimethylphosphine to the "MEBeH" solution gave a 
so l i d c r y s t a l l i n e product. Although t h i s product i s , almost certainly, 
the phosphine analogue of (MEBeH-tf-lIlE^)^ no characterisation could be 
carried out as the s o l i d has a high dissociation pressure of trimethylphosphine. 
Purther experiments, designed to overcome t h i s ^ d i f f i c u l t y , have been post­
poned to a l a t e r date. 

Several experiments on the s o l u b i l i t y of "MEBeH" i n hexane show 
that i s soluble as an etherate. Removal of the ether, by pumping the 
residue i n high vacuum f o r an hour, or continued washing with hexane, 
renders the product insoluble i n hexane. 
Reaction of diphenylberyllium with triphenylstannane 

The reaction of diphenylberyllium with triphenylstannane has been 
investigated as a preparative route to phenylbeiyllium hydride. Reaction 
i n benzene was not en t i r e l y successful. Exchange occurred to some 
extent, the r a t i o of beryllium: hydrolysable hydrogen being I .65 : 1 

a f t e r two hours reaction at 70°C. I t i s probable that the limited 
s o l u b i l i t y of diphenylberyllium i n benzene and possible i n s o l u b i l i t y of 
any beryllium-containing product contributed to the i n h i b i t i o n of t o t a l 
exchange. 

Reaction i n ether did not proceed at 40°C, as precipitation of 
tetraphenyltin, which i s sparingly soluble i n ether, did not occur. 
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However, at 70-̂ 75 C, when most of the ether had d i s t i l l e d from the 
reaction mixture, exchange did take place and phenylberyllium hydride 
was formed. 

Ph2Be + Ph^SnH >"PhBeH" + Ph^Sn. 

However, a yellow colour produced, during the reaction indicates that 
a side reaction also takes place. The attempted preparation of b i s -
(phenylberyllium hydride). - tetramethylethylenediamine, Z{'P]iBeE)^2^CE2CK2 
NMEgl , resulted-in the i s o l a t i o n on an impure product. The yellow colour 
i s probably due to a decomposition product of triphenylstannae, which i s 
known to be quite unstable.'''^*^' No gas evolution was observed, however, 
and the mechanism_of the decomposition remains obscure. 

The structure of the phenylberyllium hydride complex i s probably 
similar to that proposed f o r the analogous methy lberyIlium hydride 

77 
derivative: 

Be<-N N~»Be' 'B^^N N -^Be 

The infrared spectrum of the complex, recorded as a nujol raull, 
shov>red a broad absorption, centred at 1754 cm."'̂  which has observed i n 
other beryllium hydride d e r i v a t i v e s ^ ^ ' i s due (BeHBe) i n a 
disordered polymer. 
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The tetraphenytin impurity i n the product i s probably held 
i n the polymer, i t being physically trapped during the precipitation 
of the hydride complex. 

The observation that exchange does not proceed i n ether solution 
at 40°C agrees with results observed f o r exchange between diethylberyllium 
and triethylstannae. Thus, i t seems that exchange w i l l not take plafie with 
a large excess of ether present. Although the results could be explained 
by proposing that exchange does not proceed to completion below 70°C. 
experiments discussed i n the following section show that exchange w i l l 
proceed at room tenrperature, i n the absence of ether. 
Reactions of ether-free diethylberyllium with triethylstannane 

A preliminary investigation showed that reaction at room temperature 
between ether-free diethylberyllium and triethylstannane, i n 1:2 molar r a t i o , 
resulted i n gas evolution and p r e c i p i t a t i o n of a white s o l i d . Analysis of 
the precipitate showed i t to be an ethylberyllium hydride of variable 
composition and p u r i t y . The beryllium to hydrogen r a t i o was found to be 
1.38 and 1.41 f o r two d i f f e r e n t samples of the same product. The gas 
evolved was shown to be hydrogen, by an additional small scale experiment. 

These unexpected results, coupled with the fact that the reaction 
i s not complete a f t e r 224 hours, led to a further investigation of the 
system. 

Two experiments, i n which diethylberyllium and triethylstannane 
were allov/ed to react, i n molar ratios of 1:2 and 1:3, at 70°C over 
a period of eight weeks were performed. An additional "control" experiment, 
i n which triethylstannane was maintained under the same conditions, was 
also carried out. 

The results show that two reactions are taking place,: 
(a) ethyl/hydrogen exchange takes place, resulting i n formation and 

p r e d i p i t a t i o n of an ethylberyllium hydride: 

E t 3 e + nBt^SnH ^[^•tr, Be H 1 + nEt.Sn 
2 3 '- 2-n n-" 4 

where 1 <n<2. 
( f ) some triethylstannane dedomposes to give hydrogen and hexaethyl d i - t i n ; 
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2Et^SnH — ^ EtgSng + Ĥ  

However, a detailed examination of the results ahowsthat the 
system i s rather more complicated than the two equation indicate. 

The s o l i d product was, i n both cases, extremely impure. The 
impurity, released only by hydrolysis, was shown to be an e t h y l t i n derivate, 
the constitution of which i s not known. I n addition, even when excess 
triethylstannane was used, the product s t i l l contained hydrolysable ethyl 
groups (the beryllium to hydrogen r a t i o being 1.74) and some triethylstannane 
was recovered unchanged. I t i s probable that ethyl/hydrogen exchange proceeds 
i n solution u n t i l the ethylberyllium hydride i s precipitated; theh^ exchange 
continues on the surface of the precipitated ethylberyllium hydride u n t i l 
f u rther removal of ethyl groups by exchange becomes physically impossible. 
The recovery : ;; of unchanged triethylstannane from the reaction mixture 
indicates that such a l i m i t i n g factor does exist. Infrared examination 
of the s o l i d showed a broad absorption, centred at 1743 cm,*̂ ^ indicating 
a random polymeric constitution containing (Be-H-Be) groups. I t i s not 
unreasonable to assume that e t h y l t i n derivatives could be trapped with i n 
the polymer network as i t i s formed during the prec i p i t a t i o n of the ethyl-
beryllium hydride, thus explaining the impurity of the products. I t i s 
si g n i f i c a n t that the product of the reaction i n which an excess of t r i e t h y l ­
stannane was used contained much more e t K y l t i n impurity than when two moles 
of triethylstannane were used. 

The mechanism by which the triethylstannane decomposed i s not known, 
and no mention of such a. decomposition i s to be found i n the l i t e r a t u r e . 
Triethylstannane does not spontaneously evolve hydrogen at room temperature, 
and experience shows that decomposition of. the compound at room temperature 
i s very slow. However, an experiment showed that i t does decompose at 70°C 
to give hydrogen, hexaethyl d i - t i n and an i n v o l a t i l e e t h y l t i n hydride of 
unknown constitution. , But, i n a l l the experiments performed gas evolution, 
indicating decomposition cf the triethylstannane, was significant at or just 
below room teriperature. 



- 105 -

Thus, i t seems that the decomposition i s somehow catalysed by di e t h y l ­
beryllium or by the ethylberyllium hydride precipitated from solution. 
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Reactions of ethylberyllium hydride-trim6\hylamine 

Dimethylamine 

Ethylberylium hydride-trimetbylamine reacts with dimethylamine 
with formation of ethane, hydrogen and trimethylaraine, i n the r a t i o 
0.98 : 1 : 2, as gaseous products. Similar reactions have been observed 
between dimethylamine and isopropylberyllium hydride,^* which evolved 
propene and hydrogen i n the r a t i o 2.5 : 1, and methylberyllium hydride-

98. 
trimetbylamine and dimethylamine. * Evolution of beth ethane and hydrogen 
indicates the formation of a mixture of products, and the reaction was 
investigated no further. 

(EtBeH<-BIe^)2 + 2Me2M—>H2 + CgH^ + 2rae^+ [EtBe2H.(me2^.2; 

Dietbylmercury 
Reaction of ethylberyllium hydride-trimethylamine and d i e t h y l -

merfiury, i n the absence of solvent, resulted i n quantitive elimination 
of ethane, and formation of diethylberyllium-trimethylamine and mercury. 

(EtBeH<^BIep2 + 2Et2Hg > 2H^ + "^^.^(^ + 2Et2Be*-Me^ 

Similar reactions have beeh observed between aluminium hydride 
derivatives and organo mercury derivatives and mercury halides:"^^^' 

AIH^ HMê  + V2R2\ ^ V2 Hg + V2 H2 AIR^.NMe^ 

where R = Ph,nC^H^ (CH2 = CH), and (C^H^C = C). 

AIH^.Me^ + 72 HgXg-^ 72 Hg + 72 \ + Ĥ ^̂  ^ b . ™ ® 3 
where n = 1,2 or 3; BX = CI, Br. 

1/ 1 1 
^ + /2 HgX^^H,_AIX^ me, + ^ /2 Hg + " /2 H, 

where n = 1,2. 
^ 2 - ™ " 2 • - "-'2—'-2-n-n.' 
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The reactions were carried out i n benzene or ether solvent, and 
the time taken f o r complete reaction varied between t h i r t y minute.and 
twelve hours. 

Exchange between dimethylaminoalane and merc^l^y dialkyls did 
not take place, but reaction with the more reactive a l k y l l i t h i u m 
derivatives did result i n exchange. 

AIH^.NMe^ + LiR > AIR^.Kle^ + LiH. 

On the basis of time taken to coniplete the reaction an order of reactivity 
of I^2^g ^° alane-trimethylamine was obtained. 

R = Cl.> C = C.C^H^/ CH = CHg > CgĤ  > nĈ Ĥ  

The author suggested, on the basis of these results, that the mechanism 
was via e l e c t r o p h i l i c attack by.the aluminium on the aryl/alkyl/halogen 
group of the mercurial. The author also suggested that a probable 
intermediate was an organo mercury hydride, which decomposed giving 
hydrogen. 

2RHgH >R H + H + Ĥ 't 
2 g g 2. 

The r e s u l t obtained from the beryllium derivative does not seem compatible 
with an ethylmercury hydride intermediate. Elimination of ethane was 
quantitative, no hydrogen being observed, and i t is unlikely that an 
ethylmerciiry hydride intermediate would decompose to give ethane quantitatively. 
I f such a decomposition did occurr, i t must take place via a one-stage process 

Further experiments on the exchange between alkylberyllium hydride 
complexes and mercury d i a l k y l s , and possibly a reinvestigation the alane-
trimethylamine/mercury dialky l s systens are necessary before the apparent 
anomalies can be explained. 
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The coordination chemistry of diphenylberyllium 

Reactions with hidentate ligands' 
DiphenylheryIlium forms well defined, monomeric, crystalline 

coordination complexes with 1T,1T,N',N' - tetramethylethylenediamine, 
F, H, F', N' - tetramethyl-o-phenylenediamine, 1,2 - dimethoxyethane 
and 2,5 - dithiahezane. Analogous compleses with the f i r s t three 
compounds have also been prepared from dimethylberyllium .?^'^^* 
Since the complexes are monomeric i n benzene, they are formulated as 
shown i n f i g . ' I . . ' ^ 

' Ph D n 
V 

Be 

I . 

As dimethyl sulphide does not coordinate to dimethylberyllium^, 
the formation of a stable chelrate complex with 2,5-dithiahexane, 
.MeSCH2CH2SMe, stands i n contrast, but work described i n the following 
se&tions shows that diphenylberyllium i s a better acceptor than dimetbyl-
"beryllium, 
Reaction with mnnodentate ligands 

Preliminary experiments show that diphenylberyllium-bis(diethyl ether) 
i s not stable as had o r i g i n a l l y been claimed. Indeed, tensimetric observations 
show that the 2:1 complex has an appreciable dissociation pressure o f ^ t h e r 
at o8, and ether can be removed u n t i l t he mole r a t i o of diethyl ether/ 
diphenylberyllium i s 1:1. 

The results of several tensimetric observations involving 
simple monodentate ligants as tabulated as follows:-
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Ligand Compomd stable at 0 C Dissociation pressure 
2:1 complex at 0 C. 

Mê O PhgBe.C1620)2 -
1628 P]i2Be.(Me2S)2 -• 

EtgO Pli2Be.Et20 17.0 mm. 
EtgS (Ph2Be)2 (Et2S)3 

0.8 mm. Mê N PhgBe.HMe^ 0.8 mm. 
Mê P Ph2Be.(PMe^)2 .-

Further observations on the dependance of the dissociation 
pressure with temperature, f o r several compounds, have enabled measurement 
of the heat of dissociation f o r : 

• Ph2Be.L2 >Ph2Be.L+L 
(where L = MegO, MogS, Mê lT or Me^P.): 

Ligand Me^Q : - ::Me2S Mê N Mê P 
A Hjj^gg 17.9 12.0 16.7 8.68 Kcal. mole - 1 . 

Several interesting facts emerge from consideration of these 
resu l t s . 

Diphenylberyllium might be expected to be better acceptor than 
dimethyl- or diethylberyllium, as the inductive withdrawl of the phenyl 
groups would-render the central beryllium atom more positive. Thus, 
whereas dimethyl and diethyl ethers form no d e f i n i t e coordination complexes 
with dimethylberyllium and trimethylphosphine forms a series of unstable 
complexes,^' diphenylberyllium forms well defined complexes with these and 
related ligands. The 2:1 coodination complexes between dimethyl sulphide, 
trimethylphosphine and diphenylberyllium have been prepared. Cryoscopic 
molecular weight measurements i n benzene show the complexes to be somewhat 
dissociated i n solution: 

•-Ph2Be. (Me2S)2 > Ph2Be.Me2S + Me2S. 
Ph2Be.(Me^P) ^ Ph2Be.Me^P + Mê P 
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the results indicating al,higher degree of dissociation as the solution 
i s diluted, as would be expected. 

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

Thus, at 0°C the 2:1 trimethylamine complexe has a dissociation 
pressure of ligand , and ligand can be removed u n t i l a 1:1 complex i s 
formed. I n contrast, the 2:1 trimethylphosphine complexe i s stable and 
does not dissociate at t h i s temperature. Experiments with molecular models 
indicate that when the donor atom i s nitrogen, there i s considerable s t e r i c 
i n t e r a c t i o n between the methyl hydrogens of the amine and the phenyl hydrogen. 
When the donor atom i s phosphorus, the much larger phosphorus atom has 
the effect of pushing the methyl groups farther from the central beryllium 
atom and so. reducing the s t e r i c interactions. 

I n the sameway, molecular model experiments show there i s more 
int e r a c t i o n when the ligand i s diethyl ether than when i t is dimethyl 
ether. Thus, one important feature governing the formation of coordination 
complexes appears to s t e r i c interactions. The ^feature goes a long way to 
explaini:ng the reaction of dimethyl-^^* and diethylberylium with excess 
trimethylamine. Both form 2:1 coordination complexes, which are unusually 
unstable and the stable compound at room temperature i s the 1:1 complex, 
involving 3- coordinate beryllium. I n the l i g h t of the results obtained 
with diphenylberyllium i t i s not unreasonable to assume that s t e r i c consid­
erations are very important i n the formation of the 2:1 complexes. 

The compound (EtgS)^.(Ph2Be)2 indicated by the tensimetric 
t i t r a t i o n of d i e t h y l sulphide with diphenylberyllium is extremely unusual. 
I t i s possible that t h i s system i s similar to the trimethylphosphine/ 
dimethylberyllium system,^* where a considerable range of compounds, each 
one stable i n a certain pressure of trimethylphosphine and temperature, i s 
formed. The complex e q u i l i b r i a are due to the s i m i l a r i t y between the 
a f f i n i t i e s of dimethylberyllium f o r trimethylphosphine and f o r each other. 
A more elaborate investigation of the diethyl sulphide/diphenylberyllium 
system must be carried out before anything de f i n i t e as to the structure 
of ..(St^S)^ (Ph^Be)^ can be proposed. 
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The measurements of the heats of dissociation of several bix-
complexes provide some interesting features. On the basis of the 
values obtained.the following facts emerge: 
(a) dimethyl ether i s a stronger donor to diphenylberyllium than 

dimethyl sulphide. 
(b) trimethylamine i s a stronger donor to diphenylberyllium than 

trimethylphosphine. 
4. 

This agrees with previous observations of donor strenths to dimethylberyllium 
lir)P and 0>AS,S. However, the values indicate an overall order of heat of 
coordination 0)Il)S)P. This i s not the order normally observed f o r 'A' 
type acceptors and i t 'is probable that the results are much affected by 
st e r i c considerations. Thus, the. heat of coordination of a ligand or 
heat of dissociation of a 2:1 complex i s dependant both on the donor 
strenth of the donor atom and s t e r i c considerations. 
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Reactions of diphenylberyllium with donor molecules cantaining acidic 
hydrogen. 

The reactions of dimethylberyllium, dimethylzinc'^^* 
and dimethylcadmium with donor molecules, containing acidic hydrogen, 
involving elimination of one methyl group as methane have been extensively 
studied. The general effect of replacing one of the a l k y l groups (by 
anatom such as oxygen or sulphur) i s to enhance the acceptor properties of 
the metal atom and also t o increase the donor characteristics of the oxygen 
or sulphur. Thus^in general such derivatives are associated by r e l a t i v e l y 
strong coordination. 
Reaction with H',?!, IT' - trimethylethylendiamine 

N,]?, N' - Trimethylethylenediamine reacts with diphenylberyllium 
i n 1:1 molar proportions, with .-.elimination of one mole of benzene and 
formation of a product, (PhBeMeCH2CH2Me2)2 which i s dimeric i n 
benzene and^beyond reasonable doubt^has a structure shown i n f i g . I I . 

/ B e n e 

^ ^ ^ ^ 

Analogous dimeric compounds are formed by reaction of dimethylberyllium'^^* 
and dimethylzinc with trimethyethylenediamine. 
Reaction with diphenylamine 

Reaction of diphenylberyllium with diphenylamine leads the 
formation of a dimeric product, phenyl (diphenylamino)beryllium 
(PhBelIPh2)2. This compound i s formulated with 3-coordinate beryllium, 
as shown i n f i g . I I I . 
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Ph-Be^ Be-Ph V 
Phg 

i l l . 

Although, i n general, the formation of a dimer would be favoured on 
entropy groundS,relative to more associated species (greater number of 
independant moledules per unit mass),when the association of various 
a l k y l derivatives of beryllium, zinc and cadmium i s considered; th i s 
consideration cannot be of great important i n the view of the many 
trimers, tetramers and"higher oligomers that have been observed. 

Thus, (MeCdpBu''̂ )̂ ^̂ , (leZnllPh^)^^ and (MeBeHPhg)^^^" a l l are 
dimeric i n benzene, and are formulated with 3-coordinate metal; and 
angular s t r a i n cannot be of overv/helming importance i n the formation of 
these compounds. I n contrast, many tetrameric and oligomeric structures 
have been observed and.are discussed elsewhere. 
Reaction with dimethylamine 

Dimethylberylliura reacts v/ith dimethylamine forming an adduct, 
Me Be Me_H, which melts at 44°C, eliminating methane and forming a 
tri m e r i c compound (MeBe.Me^)^. Similarly there i s indication of an 
adduct, formed between dimethylamine and diphenylberyllium, which i s 
sparingly soluble i n ether and slowly decomposes at room temperature. 
The product, (PhBelffle2)^, i s trimeric i n benzene and i s formulated with 
a structure similar to the methylberyllium analogue, f i g . IV. 

Mê N Be-Ph 
2 \ / 
, \ Be—N 
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Recent experiments * have shown that the size of the a l k y l 
groups attached to beryllium and nitrogen govern the degree of association. 
Thus, fleBeNR^^ i s trimeric when R = Me, Et., and dimeric when R = Pr'^,Ph. 
Similarly (EtBeKBt2)2 i s dimeric i n benzene solution. I n the l i g h t of 
these observations i t i s not surprising that iphenyl (dimethylainino)beryllium 
i s a trimer. 
Reaction with methanol 

Phenylberyllium methoxide, formed by reaction of methanol with 
diphenylberyllium i s tetramerie i n benzene. A whole series of tetramerid 
methylberyllium, zinc^^' and cadmium alkoxides is now known; 

99 
and an Xray d i f f r a c t i o n study on methylzinc methoxide has revealed a 
cubic structure. I t i s probable that a l l the tetrameric alkoxides have 
a si m i l a r structiiire, and that proposed f o r phenylberyllium methoxide i s 
shown i n f i g . V. 

Ph 
Be 

Me 
O — B e 

Ph 

O-Me 

Me 
•OMe 

-Be 
Ph 

A l l alkylberyllium alkoxides, RBeOR', so f a r examined are tetrameric 
except when R = R' .= Bu*, (Bu^eOBu^) being dimeric i n benzene. 
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Reaction of phenylberyllium chloride with sodium trietbylboron hydride 
Reaction of phenylberyllium chloride with sodium triethylboron 

hydride i n ether results i n p r e c i p i t a t i o n of sodium chloride. The solution 
obtained a f t e r f i l t r a t i o n has been used to prepare the trimethylamine and 
trimethylphosphine complexes of phenylberyllium hydrides. The analogous 
reaction between ethylberyllium chloride and sodium triethylboron hydride 
gives a solution which contains hydrolysable ethyl: beryllium: hydrogen 
i n the r a t i o 1: 1: 1̂ *̂ The trimethylamine adduct of ethylberyllium 
hydride, (EtBeH.Me^)^ has been prepared by addition of trimethylamine to 
the solution. Similar reactions between e t h y l - and methylmagnesium chlorides 
with sodium t r i e t h y l - and trimethylboron hydrides respectively have been• 
investigated'''^^*. Sodium chloride was precipitated, but i s o l a t i o n of 
a l k y l magnesium hydrides vras not possible. I t was d i f f i c u l t to remove a l l 
of the t r i a l k y l borane from the residue, indicating the existance of 
alkylmagnesium t r i a l k y l b o r o n hydrides, RMg R̂ BH. Various attempts to remove 
trialkylborane by pumping or heating resulted i n formation of magnesium 
hydride, indicating the disproportion of any alkylmagnesium hydride formed: 

2 RMgH >MgH2 + RgMg. 
There i s some indication' that a large excess of ligand i s required 

to e f f e c t complete displacement of triethylborane from the phenylbeiyllium 
hydride, the f i r s t preparation of (PhBeH.IIMe^)2_resulting i n i s o l a t i o n of 
an o i l containing both trimethylamine and boron. When a large excess of 
tfimethylamine or trimethylphosphine i s used, no boron i s found ih.-the 
product. 
Phenylberyllium hydride-trimetbylamine. (PhBeH. BMe^)^ 

The molecular v/eight measurements show i t to be dimeric i n benzene, 
and i t s structure i s probably similar to that proposed for the analogous 

8l 77 methyl- ' and e t h y l - derivatives: 
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Ph . H. NMe V V ^ 
/> •'. • \ 

Mê N -H' Ph, 

The infrared spectrum of the compound show absorptions i n 
the region I35O-I3OO cm.""̂  The spectra of the analogous methyl- and 
et h y l - derivatives shown absorption i n th i s region and the absorptions 
hav^ been assigned to vibrations of the (BeHgBe) bridge on the basis 
of the effect of substituting bridging denterium f o r bridging by hydrogen. 
Phenylberyllium hydride - trimethylphosphine (PhBeH. PMe^) 

The f i r s t attempted preparation of th i s compound resulted i n 
i s o l a t i o n of a product, PhBeH. (PMe^) o which showed-absorptions 

_1 ^ ^'^•> _ i i n the region I35O-I3OO cm. and at 1752 cm. The l a t t e r absorption 
indicates polymeric (Be-H-Be) units. A l a t e r successful preparation, 
achieved by low temperature c r y s t a l l i s a t i o n and pumping dry at -15°C, 
indicates that the adduct has an appreciable dissociation pressure of 
trimethylphosphine- The molecular weight measurement would seem to 
indicate dissociation of the adduct,' but the corapoiind was not soluble 
enought f o r accurate measurement. 

The adduct i s probably dimeric, having an analogous structure 
to the trimethylamine complex; 
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