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SUMMARY 

The reactions of a number of ethers and thioethers with 
beryllium halides have been studied. The coordination oompounds 
formed were of types already known for beryllium halides except for 
one of the complexes formed by dimethyl sulphide which appears to 
be di-^|-chlorodichlorobis(dimethyl sulphide)diberyllium, (BeC^.MegS^* 
These studies have shown that dimethyl sulphide, tetrahydrofuran, 
and 112-dimethoxyethane are a l l possibly useful solvents for reactions 
of beryllium chloride. Solutions of beryllium chloride in diethyl 
sulphide undergo some decomposition, particularly on slight warming 
when hydrogen chloride i s liberated slowly. 

A series of 2,2'-bipyridyl complexes of beryllium halides, 
alkyIs, and aryls have been prepared which have the formula bipyBeX2 
(X=Cl,Br,I,Fh,Me, or Et) and which have unexpected colours. The 
visible and ultra-violet spectra of these compounds have been studied 
and on the basis of these spectra i t has been suggested that their 
colours are due to an electron transfer from the Be-X bonds to the 
lowest unoccupied molecular orbital of bipyridyl. 

By the reaction of bipyridyl lithium with beryllium chloride 
or the reaction of bipyridyl dilithium with dichloro(bipyridyl)beryllium 
the compound bis(bipyridyl)beryllium has been prepared. I t s properties 
suggest that i t i s best regarded as a coordination oompound of the 
bipyridyl anion with the Be(ll) cation. Reaction with an excess of 
lithium metal affords the salt LiBebipy2« 

The reactions of ethylenediamine and certain N-methyl 
substituted ethylenediamines with dimethylberyllium have been studied. 
These containing one or more amino-hydrogen atoms gave methane on 



reaction with dimethylberyllium giving either dimeric or polymeric 
products according to whether one or two mols. of methane were 
eliminated. 

A 111 adduot of 1,2-dimethosyethane and dimethylberyllium 
has been prepared. I t i s monomeric in benzene solution and can 
be sublimed unchanged i n a vacuum. 
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INTRODUCTION 



INTRODUCTION 

The work d e s c r i b e d i n t h i s t h e s i s i s concerned w i t h 

the r e a c t i o n s of b e r y l l i u m h a l i d e s and, more p a r t i c u l a r l y , 

organo-beryllium compounds w i t h donor molecules. I n t h i s 

i n t r o d u c t i o n b e r y l l i u m chemistry r e l e v a n t to these t o p i c s 

i s reviewed. The p r e p a r a t i o n and p r o p e r t i e s of the b e r y l l i u m 

h a l i d e s and c e r t a i n organo-beryllium compounds are covered 

f i r s t , then f o l l o w s a review of the c o o r d i n a t i o n compounds 

der i v e d from t h e s e . A s e c t i o n on c h e l a t e d oxygen complexes 

of b e r y l l i u m i s a l s o included, s i n c e these are of g r e a t 

i n t e r e s t i n b e r y l l i u m c o o r d i n a t i o n c h e m i s t r y and because 

many c h e l a t i n g donors have been s t u d i e d i n t h i s work. 

B e r y l l i u m forms covalent compounds almost e x c l u s i v e l y , 

t h i s being due to the s m a l l s i z e , and t h e r e f o r e high p o l a r i z i n g 

power of the atom. The atomic r a d i u s of b e r y l l i u m i s 0,89 $ 

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 A. The f i r s t 

and second i o n i z a t i o n p o t e n t i a l s of b e r y l l i u m are 215 and 420 

kcfcl./mole r e s p e c t i v e l y which suggests t h a t the e x i s t e n c e 

of f r e e d i v a l e n t i o n s of b e r y l l i u m i n i t s compounds i s not 

to be expected. Thus b e r y l l i u m f l u o r i d e , which might be 

expected to be the most i o n i c compound of b e r y l l i u m , has been 
( 1 ) 

shown to be 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 b e r y l l i u m oxide has only about 40 per cent i o n i c c h a r a c t e r 

a c c o r d i n g to P a u l i n g . 
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Compounds of b e r y l l i u m have c o v a l e n c i e s of two, t h r e e , 

or f o u r f o r the metal atom. The c o o r d i n a t i o n number of two 

a r 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 

g i v i n g a l i n e a r molecule as i s found i n the case of b e r y l l i u m 

c h l o r i d e a t ve r y h i g h temperatures, when i t e x i s t s as a 

monomer. 
2 

B e r y l l i u m can a l s o make use of Sp o r b i t a l s g i v i n g a 
c o o r d i n a t i o n number of three as i n , f o r example, dimethyl-

( 2 ) 
b e r y l l i u m - t r i m e t h y l a m i n e . However i n the v a s t m a j o r i t y of 

i t s compounds b e r y l l i u m i s found to be 4-covalent, u s i n g Sp^ 

o r b i t a l s to give t e t r a h e d r a l bonding. I t has an extremely 

s t r o n g tendency to form compounds wi t h t h i s maximum covalency 

of f o u r . Thus the b e r y l l i u m i o n i s more s t r o n g l y hycirated 

than any other d i v a l e n t c a t i o n as shown by heats of h y d r a t i o n 

and i t s s a l t s always have four molecules of water of c r y s t a l 

l i z a t i o n f o r each b e r y l l i u m atom. 

The phthalocyanine complex of b e r y l l i u m i s an e x c e p t i o n a l 

case i n t h a t i t has a square-planar c o n f i g u r a t i o n due to the 
( 2 a ) 

shape of the phthalocyanine molecule. 

B e r y l l i u m forms no known compounds w i t h a c o o r d i n a t i o n 

number g r e a t e r than four s i n c e the atomic o r b i t a l s of p r i n c i p a l 

quantum number t h r e e are of too high an energy to p a r t i c i p a t e 

i n bond formation and no h y b r i d 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 

can be expected f o r b e r y l l i u m . 
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B e r y l l i u m H a l i d e a 

B e r y l l i u m f l u o r i d e . B e r y l l i u m f l u o r i d e cannot be prepared 

from the hydroxide and h y d r o f l u o r i c a c i d s i n c e the s a l t 

formed i s hydrolysed on evaporating the s o l u t i o n . I t can 

be prepared by h e a t i n g the oxide i n a stream of hydrogen 

f l u o r i d e gas or by the r e a c t i o n between f l u o r i n e and b e r y l l i u m . 

The s i m p l e s t method of p r e p a r a t i o n i s to heat ammonium t e t r a -

f l u o r o b e r y l l a t e . ^ I t i s then obtained as a g l a s s y r e s i d u e 

which s o f t e n s and begins to sublime at 800° and i n the fused 

s t a t e i s a poor conductor of e l e c t r i c i t y . ^ 1 ^ I t i s hygroscopic 

and very s o l u b l e i n water. 

Berylliium c h l o r i d e . T h i s i s most c o n v e n i e n t l y prepared by 

h e a t i n g b e r y l l i u m i n a stream of dry hydrogen c h l o r i d e g a s ^ ' ^ 

I t can a l s o be prepared by h e a t i n g the metal i n c h l o r i n e , 

by h e a t i n g a mixture of the oxide and carbon i n c h l o r i n e gas, 

or by h e a t i n g the oxide i n sulphur c h l o r i d e vapour, phosgene, 

or carbon t e t r a c h l o r i d e . ^ ^ I t forms white needles which melt 
o 0 

at 405 and i t b o i l s a t 488 ; thus i t can be e a s i l y p u r i f i e d 

by s u b l i m a t i o n . At 564° i t c o n t a i n s about 23$ of B e g d ^ * ^ 

but i s completely monomeric at 7 4 5 ? ^ ^ I t i s a poor conductor 

i n the fused s t a t e . 

B e r y l l i u m c h l o r i d e r e a c t s v i g o r o u s l y with water forming 

some hydrogen c h l o r i d e and fumes of b e r y l l i u m hydroxide and 

d i s s o l v i n g i n the water to a l a r g e e x t e n t . I t can be c r y s t a l -
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l i z e d out from the aqueous s o l u t i o n as BeClg^HgO. The 

anhydrous c h l o r i d e i s extremely s o l u b l e i n s e v e r a l a l c o h o l s 

but again i t probably r e a c t s w i t h the s o l v e n t s i n c e the 

v i s c o u s s o l u t i o n s formed s m e l l of hydrogen c h l o r i d e . I t 

i s a l s o s o l u b l e i n ether, acetone, and many amines and n i t r i l e s , 

but i s i n s o l u b l e i n non-donor s o l v e n t s such as benzene. With 

many donor s o l v e n t s i t forms c o o r d i n a t i o n compounds, u s u a l l y 

with the g e n e r a l formula BeClg. 2 l / . 8 , 9 ̂  

The s t r u c t u r e of anhydrous b e r y l l i u m c h l o r i d e i n the 

s o l i d s t a t e i s shown below. The b e r y l l i u m atoms achieve 

t h e i r covalency of four by c o o r d i n a t i o n to the c h l o r i n e 

atoms so t h a t a long c h a i n polymer i s produced. 

N /01% /01x /°N, 
3 8 7Be *'Be ^7 Be 

/ N i / N i ^ 
B e r y l l i u m bromide. I t i s prepared i n much the same way as 

( 5 ) 0 

i s b e r y l l i u m c h l o r i d e . w / I t melts a t 488 and sublimes a t 

473° and so i t i s more v o l a t i l e than the c h l o r i d e . I t s 

s t r u c t u r e i s i d e n t i c a l w i t h t h a t of the c h l o r i d e . 

I t d i s s o l v e s r e a d i l y i n water and from the s o l u t i o n the 

t e t r a h y d r a t e can be obtained. B e r y l l i u m bromide forms many 

a d d i t i o n compounds s i m i l a r to those of the c h l o r i d e . 

B e r y l l i u m i o d i d e . B e r y l l i u m i o d i d e i s s i m i l a r to the c h l o r i d e 

and bromide but f a r l e s s s t a b l e . I t can be prepared by the 
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a c t i o n of hydrogen io d i d e on b e r y l l i u m c a r b i d e a t 700°. I t 

melts a t 480° and b o i l s a t 488°. 

With water i t r e a c t s v e r y v i o l e n t l y g i v i n g hydrogen 

i o d i d e . I t d i s s o l v e s i n many organic s o l v e n t s forming a d d i t i o n 

compounds. 

Organo-Beryllium Compounds. 

B e r y l l i u m d i a l k y l s and d i a r y l s can be prepared by the 

a c t i o n of m e t a l l i c b e r y l l i u m on the a l k y l s or a r y l s of mercury. 

T h i s method has been used f o r the p r e p a r a t i o n of dimethyl, 
h i i ? ) ( i o) d i p h e n y l , v ' and d i - p _ - t o l y l b e r y l l i u m v ' i n s m a l l q u a n t i t i e s , 

On a l a r g e r s c a l e they are b e t t e r prepared from b e r y l l i u m 

c h l o r i d e and a Grignard reagent o r a i ^ y i o r a r y l l i t h i u m 

i n e t h e r : 

3 e C l 2 . 2 E t 2 0 + 2HMgX > R 2Be + MgX2 + MgClg 

or B e C l 2 . 2 E t 2 0 + 2HLi > R 2 B G + 2 L i C l 

When prepared by t h i s method complete removal of l a s t 

t r a c e s of ether from the b e r y l l i u m compound i s often d i f f i c u l t . 

T h i s i s e s p e c i a l l y t r u e f o r dimethylberyllium.(^3»14) These 

compounds must be prepared i n an atmosphere of n i t r o g e n w i t h 

complete e x c l u s i o n of oxygen, moisture, and carbon d i o x i d e , 

a l l of which r e a c t r a p i d l y w i t h b e r y l l i u m a l k y l s . 

C e r t a i n a l k y l - and a r y l - b e r y l l i u m h a l i d e s ^ 1 2 ' 1 - ^ have 

been prepared by the r e a c t i o n of b e r y l l i u m w i t h an a l k y l or 
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a r y l h a l i d e i n e t h e r i n the presence of a t r a c e of mercuric 

c h l o r i d e a t about 100°; 

CH 3I + Be > CH 3BeI, 

though the e x i s t e n c e of p h e n y l b e r y I l i u m bromide has r e c e n t l y 

been denied on the b a s i s of non-exchange between PhgBe and 

B e * B V
( 1 4 a ) 

Dimethylberyllium. T h i s can be prepared by h e a t i n g dimethyl-

mercury w i t h an exce s s of powdered b e r y l l i u m metal a t 100° 

f o r a day or so. The product can be sublimed from the mixture 

under a high vacuum but s e p a r a t i o n from mercury i s r a t h e r 

d i f f i c u l t . P r e p a r a t i o n by the Grignard method i n v o l v e s 

d i f f i c u l t i e s i n s e p a r a t i o n from e t h e r . 

When the Grignard reagent i s prepared i n dimethyl s u l p h i d e , 

and r e a c t s w i t h b e r y l l i u m c h l o r i d e i n dimethyl s u l p h i d e , 
( 1 5 ) 

s e p a r a t i o n of the product from the s o l v e n t i s a simple matter 
s i n c e i t has been shown that dimethyl s u l p h i d e does not co-

( 2 ) 
ordinate to d i m e t h y l b e r y l l i u m . x 

D i m e t h y l b e r y l l i u m forms c o l o u r l e s s needles and the vapour 
00 

p r e s s u r e i s given by the equations: 

100 -,150°: l o g 1 0 P(mm.) = 12.530 - 4771/T. 

155 - 180°: l o g 1 0 P(mm.) = 13.292 - 5100/T. 

By e x t r a p o l a t i o n the vapour p r e s s u r e i s 760 mm. at 217°. The 
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l a t e n t heat of s u b l i m a t i o n i s 23.5 kcal./mole of monomer. 

X-ray d i f f r a c t i o n s t u d i e s have shown i t s s t r u c t u r e i s 
(1 9 ) 

a long c h a i n polymer v : 

J t e , ,Mex 

Be Be Be 
xMe' Me' 

The Be - C d i s t a n c e i s 1.92 X and the Be - C - Be angle i s 

66°. Both b e r y l l i u m and carbon atoms presumably use t e t r a -

h e d r a l (Sp^) atomic o r b i t a l s and i t seems l i k e l y t h a t t h r e e -

c e n t r e molecular o r b i t a l s are formed to give the Be - C - Be 

bonds. 

The vapour of d i m e t h y l b e r y l l i u m c o n s i s t s of a mixture of 

monomer, dimer, and t r i m e r molecules a t low p r e s s u r e s . The 

l i k e l y s t r u c t u r e s f o r these molecules are shown below: 

monomer: Me - Be - Me 

Me 
dimer: Me - Be* "Be - Me 

•» / 
•» * 

''Me'* 

y M e x ^,Mev 

t r i m e r : Me - Be'' *Be' 

Me 'Me' 

,--x "Be - Me 

I n t h e s e formulae dotted l i n e s r e p r e s e n t half-bonds. 

D i m e t h y l b e r y l l i u m i s extremely r e a c t i v e . I t t a k e s f i r e 
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i n the a i r spontaneously, even i n concentrated e t h e r e a l 

s o l u t i o n , and a l s o c a t c h e s f i r e i n carbon d i o x i d e . A l l the 

a l k y l s and a r y l s a r e q u a n t i t a t i v e l y decomposed by water 

v i o l e n t l y to give b e r y l l i u m hydroxide and the hydrocarbon. 

D i m e t h y l b e r y l l i u m r e a c t s r e a d i l y w i t h diborane a t 95° 

g i v i n g trimethylborane and s e v e r a l u n i d e n t i f i e d products 

but f u r t h e r r e a c t i o n w i t h diborane g i v e s m e t h y l b e r y l l i u m 

b o r o h y d r i d e / 1 0 ^ MeBeBH^, which i s q u i t e v o l a t i l e . T h i s 

w i l l r e a c t w i t h more diborane a t about 60° a t j u s t above 

atmospheric p r e s s u r e forming the v o l a t i l e b e r y l l i u m boro-

hydride, Be(BH^) 2, m.p. 123°, v.p. 760 mm. a t 91 . 3 ° t which 

i s monomeric i n the vapour. 

When d i m e t h y l b e r y l l i u m i 3 t r e a t e d w i t h l i t h i u m aluminium 

hydride i n et h e r a white p r e c i p i t a t e of an et h e r a t e of 
( 1 7 ) 

b e r y l l i u m hydride i s formed. x I t has been shown t h a t t h i s 
product i s a l s o contaminated w i t h s e v e r a l per cent each of 

(1 8 ) 

l i t h i u m hydride and aluminium hy d r i d e . 1 I f i t i s t r e a t e d 

w i t h diborane i t forms b e r y l l i u m borohydride: 
BeH 2 + B 2H g * B e ( B H 4 ) 2 

D i e t h y l b e r y l l i u m . T h i s compound cannot be prepared from 

b e r y l l i u m and diethylmercury.^ I t i s c o n v e n i e n t l y prepared 

by the r e a c t i o n of b e r y l l i u m c h l o r i d e w i t h ethylmagnesium 

bromide i n e t h e r . < 1 3 » 2 0 » 2 1 > The product i s concentrated by 
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d i s t i l l a t i o n i n vacuo and f i n a l l y by pumping f o r a long 

time at room temperature to avoid thermal decomposition. 

D i e t h y l b e r y l l i u m i s thus obtained c o n t a i n i n g about 2$ of 

e t h e r , as a c o l o u r l e s s l i q u i d b o i l i n g at 63°/0.3 mm. and 

f r e e z i n g to a g l a s s a t -80°. I t s vapour p r e s s u r e i s given 

by the equation: 

l o g 1 0 P(mm.) = 7.59 - 2200/T. 

T h i s g i v e s an e x t r a p o l a t e d b o i l i n g point of 194°. I t i s 

q u i t e s o l u b l e i n benzene, u n l i k e d i m e t h y l b e r y l l i u m . No 

molecular weight measurements have been r e p o r t e d . 

At 85° i t begins to decompose a p p r e c i a b l y and a t 190 -

200° t h i s decomposition i s r a p i d , forming ethane, e t h y l e n e , 

and butene with t r a c e s of c e r t a i n other hydrocarbons. The 

r e s i d u e i s an e t h y l b e r y l l i u m hydride of unknown c o n s t i t u t i o n . 

L i k e d i m e t h y l b e r y l l i u m i t takes f i r e i n the a i r and i t 

r e a c t s e x p l o s i v e l y w i t h water producing ethane. 

D i - i s o p r o p y l b e r y l l i u m . T h i s has been prepared by the r e a c t i o n 

between isopropylmagnesium c h l o r i d e and b e r y l l i u m c h l o r i d e 
( 22) 

i n e t h e r . v The e t h e r can be separated from i t by r e f l u x i n g 

w i t h continuous pumping f o r a long time. I t i s then obtained 

as a c o l o u r l e s s , s l i g h t l y v i s c o u s l i q u i d f r e e z i n g a t - 9.5° 

and w i t h an e x t r a p o l a t e d b o i l i n g point of 280°. The vapour 

p r e s s u r e at 20° i s 0.17 mm. and a t 40° i s 0.53 mm. I t i s 
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d i m e r i c i n benzene s o l u t i o n . 

I t fumes s t r o n g l y on exposure to a i r , but does not take 

f i r e , and w i t h water i t r e a c t s e x p l o s i v e l y . 

Above 50° i t s l o w l y evolves propene, and t h i s r e a c t i o n 

goes f a i r l y r a p i d l y at 200° forming a v i s c o u s r e s i d u e of 

i s o p r o p y l b e r y l l i u m hydride, (C^H^BeH)^ 

D l - t e r t - b u t y l b e r y l l i u m . T h i s was prepared from b e r y l l i u m 
( 2 ^ ) 

c h l o r i d e and tert.-butylmagnesium c h l o r i d e i n e t h e r . I t 

decomposes sl o w l y a t room temperature g i v i n g isobutene and 

i s b e s t kept at a low temperature (-78°). I t can be obtained 

f r e e from ether by treatment w i t h anhydrous b e r y l l i u m c h l o r i d e 

followed by d i s t i l l a t i o n of the d i - t e r t - b u t y l b e r y l l i u m . ^ 1 8 ^ I t 

f r e e z e s at -16° and i t s vapour pr e s s u r e i s 35 mm. a t 25° so 

t h a t i t seems probable t h a t i t i s monomeric. 

At 200° i t decomposes r a p i d l y forming n e a r l y two moles 

of isobutene. The r e s i d u e i s b e r y l l i u m hydride which s t i l l 

c o n t a i n s about one t e r t . - b u t y l group to every ten b e r y l l i u m 

atoms, and which decomposes s l o w l y a t about 200° and q u i t e 

r a p i d l y a t 220° g i v i n g o f f hydrogen. The b e r y l l i u m hydride 

i s almost i n e r t t o a i r and r e a c t s s l o w l y w i t h water and r a p i d l y 

w i t h a c i d s . 

Diphenylberyllium^ 24,25) By h e a t i n g a mixture of d i p h e n y l -

mercury and b e r y l l i u m a t 210° f o r 1 to 2 hours d i p h e n y l b e r y l l i u m 

i s obtained which can be r e c r y s t a l l i z e d from benzene. I t melts 
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at 244 - 8 w i t h decomposition. Although i t i s q u i t e s o l u b l e 

i n benzene no molecular weight measurements have been re p o r t e d . 

I t i s more s o l u b l e i n e t h e r e a l s o l v e n t s forming the c o o r d i n a t i o n 

compounds. Thus i t d i s s o l v e s i n ether w i t h formation of 

PhgBeCOEtg^j m.p. 28-32°, which can be c r y s t a l l i z e d from 
(26) 

the s o l u t i o n . The ether complex l o s e s e t h e r i n vacuo a t 

130°. 

Coordination Complexes of B e r y l l i u m H a l i d e s 

The b e r y l l i u m h a l i d e s form many complexes w i t h amines, 

ketones, aldehydes, e t h e r s , e t c . of the g e n e r a l type BeX 2.2L. 

They a l s o form s t a b l e compounds of the g e n e r a l formula 

BeX2«4L w i t h ammonia and c e r t a i n amines, and a l s o with water. 

The d i f f e r e n c e i n s t r u c t u r e between these two types of co

o r d i n a t i o n compounds i s shown below: 

I L W L X 
\ / 

Be Be 
/ \ 

L X L L 

2X~ 

I n both c a s e s b e r y l l i u m a c h i e v e s a covalency of four by the 

c o o r d i n a t i o n . These types of compounds are reviewed below. 

E t h e r complexes of b e r y l l i u m h a l i d e s . D i e t h y l ether r e a c t s 

e x o t h e r m i c a l l y w i t h anhydrous b e r y l l i u m c h l o r i d e forming two 

l i q u i d l a y e r s . The lower l a y e r i s r a t h e r v i s c o u s and 
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s o l i d i f i e s on s t a n d i n g or on c o o l i n g s l i g h t l y g i v i n g c r y s t a l s 

of B e C l 2 . 2 E t 2 0 . ^ 8 f ^ ^ T h i s compound d i s s o l v e s r e a d i l y i n ether 

or benzene and many other complexes can be prepared from i t s 

s o l u t i o n , as the d i e t h y l ether i s e a s i l y d i s p l a c e d by c e r t a i n 

other e t h e r s , and by ketones, aldehydes, amines, e t c . 

The e t h e r a t e s of b e r y l l i u m c h l o r i d e and b e r y l l i u m bromide 

can a l s o be prepared by d i r e c t r e a c t i o n of b e r y l l i u m metal 

wi t h the halogens or hydrogen h a l i d e s i n dry d i e t h y l e t h e r a t 
( 2 7 ) 

room temperature.* The complex, B e C l 2 . 2 E t 2 0 , has been 
found to melt a t 43°» when f r e s h l y prepared, and begins to 

o < 2 8 ) 

b o i l a t 105-110 , w i t h decomposition, a t atmospheric p r e s s u r e . 

A compound B e C l 2 . 3 E t 2 0 has a l s o been observed at low temperatures 

( _ 6 0 to - 7 0 ° ) . ( 2 8 ) 

A d i f f e r e n t type of complex c o n t a i n i n g d i e t h y l e t h e r has 

been prepared by p a s s i n g hydrogen c h l o r i d e gas i n t o a suspension 

of b e r y l l i u m hydroxide i n d i e t h y l ether c o n t a i n i n g a l i t t l e 

water. D e l i c a t e n e e d l e - l i k e c r y s t a l s of jjteCHgOjyEtgCQcig 
( 29) 

separate out from the s o l u t i o n . ? The complex l i b e r a t e s 

e t h e r and hydrogen c h l o r i d e when exposed to moist a i r . A 

bromide can be prepared s i m i l a r l y but t h i s i s even l e s s s t a b l e 

than the c h l o r i d e . 

When a s o l u t i o n of b e r y l l i u m c h l o r i d e e t h e r a t e i n d i e t h y l 

ether i s t r e a t e d w i t h dioxan a c o l o u r l e s s p r e c i p i t a t e of 

BeClg.C^HgOg i s p r o d u c e d . T h e bromide, BeBr 2,C^Hg0 2, was 

prepared s i m i l a r l y . Both d e l i q u e s c e i n a i r and the bromide 
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fumes i n moist a i r . Both tend to l o s e dioxan when pla c e d 

over concentrated s u l p h u r i c a c i d and both a r e decomposed by 

water w i t h e l i m i n a t i o n of hydrogen h a l i d e . They d i s s o l v e i n 

ethanol and g l y c o l , p o s s i b l y w i t h some r e a c t i o n , but they are 

only s p a r i n g l y s o l u b l e i n d i e t h y l e t h er, dioxan, and benzene. 

By t r e a t i n g s o l i d B e C l 2 . 2 E t 2 0 w i t h excess b o i l i n g t e t r a -

hydrofuran and c o o l i n g , c o l o u r l e s s needles of BeCl 2.2T.H.F. 

are formed.(^l) I t melts with decomposition a t 150° and i s 

more s t a b l e i n the a i r than BeCl,,. 2 E t 2 0 . I t d i s s o l v e s r e a d i l y 

i n benzene and toluene but i s i n s o l u b l e i n a l i p h a t i c hydro-

carbon s o l v e n t s . Below -2 a compound BeClp*3T.H.F. can be 

obtained. 

Other oxygen complexes of b e r y l l i u m h a l i d e s . Addition compounds 

are not formed w i t h a l c o h o l s and phenols, as occurs w i t h 

magnesium and c a l c i u m h a l i d e s . B e r y l l i u m c h l o r i d e r e a c t s 

e x o t h e r m i c a l l y w i t h ethanol g i v i n g a v i s c o u s s o l u t i o n which 

s m e l l s s t r o n g l y of hydrogen c h l o r i d e i n d i c a t i n g t h a t some 

r e a c t i o n has oc c u r r e d . ( 3 3 ) j ^ . a ^ 3 0 r e a c t s w i t h phenol i n 

b o i l i n g benzene forming hydrogen c h l o r i d e and B e ( 0 P h ) 2 but 
(9 ^2) 

again g i v e s no c o o r d i n a t i o n compound. 

However, aldehydes and ketones do add to b e r y l l i u m h a l i d e s 

r e a d i l y , forming molecules of the type BeX 2,2L (where L = donor 

and X = halogen). These can be prepared e i t h e r by mixing 

b e r y l l i u m c h l o r i d e or bromide and the donor compound or, 
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( U) 

p r e f e r a b l y , by mixing ether s o l u t i o n s of the two components. 

Compounds of b e r y l l i u m c h l o r i d e w i t h two molecules of acetone, 

benzophenone, benzaldehyde, and cinnamaldehyde have been pre

pared by the l a t t e r method. These compounds are mostly v e r y 

s l i g h t l y s o l u b l e i n s o l v e n t s which do not decompose them. 

The compound BeClg.2MeCOMe i s an exception s i n c e i t i s v e r y 

s o l u b l e i n b e n z e n e ^ 9 ' 3 4 ^ and a t 5° c o l o u r l e s s c r y s t a l s of 

BeCl2«2MeCOMe.4CgHg are produced* T h i s compound melts at 

40° and l o s e s benzene very e a s i l y . 

Nitrogen complexes of b e r y l l i u m h a l i d e s . The b e r y l l i u m 

h a l i d e s r e a c t w i t h ammonia to form ammines.^ 3^' 3 ^ Vapour 

p r e s s u r e measurements on the h a l i d e and ammonia system show 

th a t a l l three h a l i d e s s t u d i e d give compounds wi t h 4,6, and 

12 molecules of ammonia. Only the tetrammines are s t a b l e a t 

room temperature. The diammine BeCl2»2NH.j, a l s o appears to 

e x i s t . The tetrammine i s e a s i l y decomposed by water g i v i n g 

the compound B e C l g ^ I ^ O . 

B e r y l l i u m c h l o r i d e forms complexes w i t h a great number 

of amines of which only methylamine forms a tetrammine, the 

others forming diammines, B e C l 2 . 2 L / 8 ' 9 , 3 4 1 3 7 ' 3 8 » 3 9 ^ These 

complexes are u s u a l l y prepared i n e t h e r . Complexes have been 

prepared w i t h L = EtgNH, BuNH2, p_-toluidine, £-toluidine, 

2 - l e p i d i n e , q u i n o l i n e , p y r i d i n e . A complex BeClg.2NHy4MeCOMe 
(q ) 

i s formed i n acetone which l o s e s acetone but not ammonia 
i n dry a i r . 
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With ethylenediamine the s a l t [ B e ( e n ) 2 ] C l ? i s formed, 

which i s q u i t e i n s o l u b l e i n water. 

B e r y l l i u m c h l o r i d e a l s o r e a c t s r e a d i l y w i t h n i t r i l e s . 

I t forms the compound BeCl 2.4HCN w i t h hydrogen cyanide, but 

w i t h a l l the organic n i t r i l e s examined, seven i n a l l , i t g i v e s 

only compounds of the type BeCl 2.2RCN. They are s l i g h t l y 

s o l u b l e i n organic s o l v e n t s and are decomposed by water. 

Chelated Oxygen Complexes of BerylMum 

B e r y l l i u m forms many n e u t r a l compounds w i t h c h e l a t e r i n g s 

formed through oxygen atoms. There are two groups of these com

pounds; the d e r i v a t i v e s of ^ - d i k e t o n e s and the s e r i e s of co-

v a l e n t d e r i v a t i v e s of the c a r b o x y l i c a c i d s of the g e n e r a l 

formula Be.O(O.CO.R),-. 
4 * • 'o 

D e r i v a t i v e s of ft-diketones. B i s ( a c e t y l a c e t o n e ) b e r y l l i u m was 

the f i r s t compound of t h i s type to be prepared. I t i s a 

f a i r l y v o l a t i l e white c r y s t a l l i n e s o l i d which melts a t 108° 

and b o i l s a t 270°. I t i s i n s o l u b l e i n c o l d water but i s s l o w l y 

hydrolysed by b o i l i n g water. I t i s s o l u b l e i n organic s o l v e n t s . 

The s t r u c t u r e of t h i s compound i s shown below: 

(8,37,39) 

Me Me 

HC 

0 ^ X__c^ 
CH 

Me Me 
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A determination of the vapour d e n s i t y of t h i s compound 

confirmed the atomic weight of b e r y l l i u m . 

Many other ^3-diketone d e r i v a t i v e s have been prepared. 

The t e t r a h e d r a l arrangement of bonds of 4-covalent b e r y l l i u m 

was e s t a b l i s h e d by s t u d i e s on c e r t a i n of these compounds. 

Thus i t was found t h a t b e r y l l i u m benzoyl-camphor shows mutar-

o t a t i o n and l a t e r t h a t the b e r y l l i u m d e r i v a t i v e of benzoyl-

p y r u v i c a c i d can be r e s o l v e d i n t o o p t i c a l isomers. I t 

has a l s o been shown t h a t b i s ( b e n z o y l a c e t o n e ) b e r y l l i u m can be 
' 4. ̂ ) 

p a r t i a l l y r e s o l v e d . v J ' 

^ - K e t o e s t e r s such as e t h y l a c e t o a c e t a t e form s i m i l a r 

types of complexes. 

B a s i c c a r b o x y l i c a c i d complexes. The c a r b o x y l i c a c i d s form 

b e r y l l i u m d e r i v a t i v e s of the composition Be A0(O.CO.R)g which 

are c o v a l e n t compounds, s o l u b l e i n hydrocarbon s o l v e n t s , and 

v o l a t i l e . 

The a c e t a t e , Be^O(0.CO.GH^)g f was made by the r e a c t i o n 

of a c e t i c a c i d w i t h b e r y l l i u m hydroxide or carbonate.(44,45) 

I t melts a t 285-6° and b o i l s a t 330-1°. I t i s monomeric i n 

the vapour, i n benzene, and i n a c e t i c a c i d . I t i s i n s o l u b l e 

i n water and i s hydrolysed by hot water a.nd by d i l u t e a c i d s . 

The s t r u c t u r e of the b a s i c a c e t a t e has been determined 

by x-ray d i f f r a c t i o n . ( 4 6 ) I t w a s f o u n ( j t h a t i t has an oxygen 

atom surrounded by four b e r y l l i u m atoms t e t r a h e d r a l l y , with 
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the s i x a c e t a t e groups a c r o s s the edges of t h i s t e t r a h e d r o n . 

A b a s i c b e r y l l i u m n i t r a t e which has been r e c e n t l y prepared 

may have a s i m i l a r s t r u c t u r e . ^ ^ a ^ 

Coordination Complexes derived from Organo-beryllium Compounds. 

S e v e r a l types of c o o r d i n a t i o n compounds of b e r y l l i u m 

have been prepared by the r e a c t i o n of donor molecules w i t h 

organo-beryllium compounds or b e r y l l i u m h y d r i d e . These 

compounds are d i s c u s s e d i n the f o l l o w i n g s e c t i o n s under the 

headings of the b e r y l l i u m compounds from which they have 

been d e r i v e d . 

Dimethylberyllium. D i m e t h y l b e r y l l i u m only c o o r d i n a t e s w i t h 

those molecules which are s u f f i c i e n t l y s t r o n g donors to 
( 2 ) 

break down the polymeric s t r u c t u r e of the d i m e t h y l b e r y l l i u m . 

I t forms c o o r d i n a t i o n compounds with trimethylamine, t r i m -

ethylphosphine, and dimethyl and d i e t h y l e t h e r , but not with 

t r i m e t h y l a r s i n e or dimethyl s u l p h i d e . The p r o p e r t i e s of 

these i n d i c a t e t h a t the order of s t a b i l i t y of the compounds 

i s N > P > 0 >As, S. 

Trimethylamine forms the compound WtegBe.NMe^ m.p, 36°, 

which i s s t a b l e up to 180° and i s monomeric i n the vapour 

phase. Below 9-10° a compound (Me 2Be) 2(NMe^)^ C a n be 

obtained which begins to d i s s o c i a t e on warming. 

R e a c t i o n w i t h trimethylphosphine i s r a t h e r more com

p l i c a t e d and a c o n s i d e r a b l e range of compounds (MegBe^ (PMe^)y 
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can be formed, each being s t a b l e i n a c e r t a i n range of 

temperature and p r e s s u r e of trim e t h y l p h o s p h i n e . A l l the 

trimethylphosphine can be separated from them by pumping 

i n a hi g h vacuum a t room temperature. These compounds range 

from Me 2Be(PMe^) 2 to (Me 2Be)^(PMe^) 2 w i t h f o u r other i n t e r 

mediate compounds. One p e c u l i a r i t y i s t h a t two molecules 

of the phosphine can coordinate to di m e t h y l b e r y l l i u m , whereas 

the compound Me 2Be (NMe .j) 2 i s unknown, although n i t r o g e n i s 

a s t r o n g e r donor than phosphorus to b e r y l l i u m as shown by 

d i s s o c i a t i o n p r e s s u r e s of these compounds. 

With dimethyl ether the compounds Me,>Be.OMe2, ( M e 2 B e ) 2 

(OUe2)y (MejBe)^ ( 0 M e 2 ) 2 and ( M e 2 B e ) 2 OMe2 have been observed 

but a l l are c o n s i d e r a b l y l e s s s t a b l e than the t r i m e t h y l 

phosphine compounds. 

With d i e t h y l e t h e r there i s no i n d i c a t i o n of the 

formation of compounds of any d e f i n i t e composition. 

D i m e t h y l b e r y l l i u m r e a c t s w i t h c e r t a i n donor compounds 

c o n t a i n i n g r e a c t i v e hydrogen atoms, forming methane and d i - , 
( 4 7 ) 

t r i or poly-meric products. Dimethylamine forms the 

compound Me2Be,NHMe2 which melts a t 44° w i t h e v o l u t i o n of 

methane and the formation of (MeBe.NMe,,)^ to which a c y c l i c 

s t r u c t u r e has been a s s i g n e d : 
Me 

Me0N-f +NMen 
2 I I 2 

MeBe" "BeMe 

Me 2 
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Methanol r e a c t s w i t h d i m e t h y l b e r y I l i u m without forming 

an intermediate c o o r d i n a t i o n compound, g i v i n g methane o f f 

immediately and forming (MeBe.OMe) 2 which probably has a 

c y c l i c s t r u c t u r e . T h i s compound r e a d i l y d i s p r o p o r t i o n a t e s 

i n t o 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 methoxide, Be(OMe) 2, 

above 120°. 

D i e t h y l b e r y l l i u m L i t t l e study has been made of the co

o r d i n a t i o n compounds of d i e t h y l b e r y l l i u m . I t has r e c e n t l y 

been shown t h a t i t r e a c t s w i t h trimethylamine forming a 
(57 ) 

1:1 c o o r d i n a t i o n compound, EtjBe.NMe^. 

With diphenylamine i t r e a c t s r a p i d l y e v o l v i n g ethane 

and forming the polymeric compound Be(NPh 2 ^ 
( ? 2 ) 

D i - i s o p r o p y l b e r y l l i u m . With trimethylamine i t forms a 

l i q u i d c o o r d i n a t i o n compound, i-Pr 0Be.MvIe , which i s mono-

meric i n benzene s o l u t i o n . 

B i - i s o p r o p y l b e r y I l i u m r e a c t s with methanol g i v i n g 

propane and (i-PrBe.OMe) x, m.p. 133°. 

With one mol. of dimethylamine, d i - i s o p r o p y l b e r y l l i u m 

forms a mol. of propane and the l i q u i d dimethylaminoiso-

p r o p y l b e r y l l i u m , ( i - P r B e . N M e 2 ) x . The l a t t e r , on h e a t i n g to 

over 100°, g i v e s propene and dimethylaminoberyllium hydride 

which forms a g l a s s a t room temperature. 

Addition of 2 mols. of dimethylamine to d i - i s o p r o p y l 

b e r y l l i u m a t j u s t above room temperature a f f o r d s b i s d i m e t h y l -

aminoberyllium and propane. T h i s compound i s t r i m e r i c i n 
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benzene and i n the vapour and i t s s t r u c t u r e i s probably 

t h a t shown below: 
Me„ 

Me2N.Be- -Be.NMe2 3e- -Be, 

Me 0N+ +Jyie 0 

kBe 
KMe 2 

I t forms prisms melting a t about 94°. 
(23 ) 

D i - t e r t . - b u t y l b e r y l l i u m . x With trimethylamine i t forms a 

complex which melts a t 42-47°, but t h i s r e a c t i o n product 

has not been w e l l c h a r a c t e r i z e d . 

No other c o o r d i n a t i o n compounds of d i - t e r t . - b u t y l -

b e r y l l i u m have been s t u d i e d . 
( 2 3 ) 

B e r y l l i u m hydride.^ B e r y l l i u m hydride, prepared from d i ^ t e r t . - b u t y l b e r y l l i u m by p y r o l y s i s , r e a c t s w i t h dimethyl-

>eryl! 
( 1 5 ) 

amine a t 160° forming hydrogen and bisdimethylaminoberyllium. 

Organo-Beryllium I n n e r Complexes of the S p i r a n Type. 

Bis(4-methoxybutyl) b e r y l l i u m 
CH 3 

/ H 2 C H 2 N ) ° C H 2 V 

CH2; 0 ^ CH 2 CH 2 

CH^ 

T h i s compound can be prepared by two methods both of 
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which s t a r t from 4-methoxybutyl c h l o r i d e . 

a) CH 30.(CH 2) 4C1 + Mg > CH 30.(CH 2) 4MgCl 

2CH 30(CH 2) 4MgGl + B e C l 2 > ( I ) + 2MgCl 

b) B e C l 2 + 2C1(CH 2) 40CH 3 

CH 2 

SH3 C I 
C1CH 2 CH 2 

CH 2 Be CH 

0Eo CH 9C1 
d d c i 

\ „ 2 

0H 2 

OI.3 

I I 

( I I ) + 2Mg > ( I ) * 2MgCl 2 

Both r e a c t i o n s are done i n d i e t h y l e t h e r . R e a c t i o n 

a) g i v e s 45$ of ( I ) and r e a c t i o n b) g i v e s only 22$ y i e l d . 

The product, b i s ( 4 - m e t h o x y b u t y l ) b e r y l l i u m , i s a 

c o l o u r l e s s l i q u i d a t room temperature, f r e e z i n g at 7.6 - 7.8? 

C2»5 
CH 2 CH CH 2 

B i s ( 3 - e t h y l t h i o p r o p y l ) b e r y l l i u m 

Be \ I I I 
CH 0 S ^CH. CH, 

2 \ 2 2 
C 2H 5 

T h i s compound was prepared by the f o l l o w i n g r e a c t i o n : 
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2C 2H 5S(CH 2) 3MgCl + B e G l 2 — X I I I ) + 2MgCl 2 

T h i s r e a c t i o n can be c a r r i e d out i n e i t h e r dimethyl s u l p h i d e 

or d i e t h y l e t h e r . 

The product i s a c o l o u r l e s s l i q u i d f r e e z i n g at 7-8°. 

T h i s compound i s of i n t e r e s t because i t has been shown t h a t 
(2 

dimethyl sulphide does not coordinate to d i m e t h y l b e r y l l i u m . 

The reason f o r t h i s i s t h a t the energy r e q u i r e d to break 

down the polymeric s t r u c t u r e of d i m e t h y l b e r y l l i u m i s g r e a t e r 

than the energy of c o o r d i n a t i o n of sulphur to the organo-

b e r y l l i u m compound. Such c o n s i d e r a t i o n s do not apply i n the 

case of the s p i r a r i type of compound. 
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APPARATUS AND TECHNIQUES 

Nitrogen supply. Almost a l l the work undertaken was c a r r i e d 

out i n an atmosphere of dry n i t r o g e n , s i n c e most of the 

compounds st u d i e d r e a c t w i t h oxygen or w i t h moisture. 

For t h i s purpose the n i t r o g e n used was from a c y l i n d e r 

of "oxygen-free" n i t r o g e n , but was a d d i t i o n a l l y p u r i f i e d by 

p a s s i n g i t through a furnace a t about 350° c o n t a i n i n g copper 

prepared by r e d u c i n g copper oxide i n a stream of hydrogen gas. 

I t was then d r i e d thoroughly by p a s s i n g i t through a column 

packed w i t h a s u i t a b l e molecular s i e v e . 

Handling of b e r y l l i u m compounds. B e r y l l i u m compounds must 

be handled with g r e a t c a r e , p a r t i c u l a r l y when they produce 

fumes of b e r y l l i u m oxide on exposure to the atmosphere, s i n c e 

b e r y l l i u m i s extremely t o x i c , Many r e a c t i o n s , such as the 

p r e p a r a t i o n of b e r y l l i u m c h l o r i d e , were t h e r e f o r e c a r r i e d out 

i n fume chambers and t r a n s f e r of s o l i d s was u s u a l l y done i n a 

glove box f i l l e d w i t h dry n i t r o g e n and f i t t e d w i t h a f i l t e r 

t o prevent dusts p a s s i n g out i n t o the a i r . I t was found t h a t 

many s t a r t i n g m a t e r i a l s , such as dimethyl- and d i e t h y l b e r y l l i u m , 

were best stored i n ether s o l u t i o n . They could then be kept 

i n f l a s k s f i t t e d w ith a n i t r o g e n lead and a serum cap so t h a t 

the compounds could be t r a n s f e r r e d c o n v e n i e n t l y by means of 

a hypodermic s y r i n g e . I n t h i s way the s t o c k of m a t e r i a l had 

no r i s k of exposure to the a i r . V o l a t i l e compounds were 

u s u a l l y handled on the vacuum apparatus. 
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Vacuum apparatus. Many of the r e a c t i o n s t o be described 
were c a r r i e d out on a vacuum apparatus which was also 
designed so t h a t i t could be used f o r gas analyses. 

The apparatus had a s e c t i o n t o which a r e a c t i o n f l a s k 
could be attached and t h i s was connected t o the r e s t of the 
l i n e through a t r a p . A Tttpler pump and gas b u r e t t e were 
in c l u d e d i n the apparatus t o measure gas not condensed by 
l i q u i d a i r ( n o r m a l l y methane), and two measuring bulbs w i t h 
a manometer were used f o r measuring condensable gases. The 
small bulb was used f o r volumes up t o about 80 N-c.c. and 
both bulbs combined f o r volumes g r e a t e r than t h i s ; ( a normal 
c . c , w r i t t e n as N-c.c., i s one c.c. at N.T.P.). The measuring 
bulbs were c a l i b r a t e d by u s i n g carbon d i o x i d e gas, which was 
f i r s t measured a c c u r a t e l y by using a bulb of known volume 
connected t o a manometer. 

The vacuum apparatus also contained a s e c t i o n from 
which gases could be f e d i n t o an i n f r a - r e d spectrometer c e l l . 
This method was u s u a l l y used t o i d e n t i f y gases since i t i s 
r a t h e r more convenient than measuring vapour pressures, and 
i s also more d e f i n i t e than the l a t t e r method. 

The apparatus contained a lead through which c e r t a i n 
p a r t s of i t could be l e t down t o atmospheric pressure w i t h 
n i t r o g e n thro\igh a needle v a l v e . 
U l t r a - v i o l e t spectrometry. The u l t r a - v i o l e t and v i s i b l e 
a b s o r p t i o n spectra were measured on an Optica CF.4DR double 
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beam instrument. The c e l l s used were one centimetre ones 
w i t h a B.10 ground glass neck. They were f i t t e d w i t h the 
attachment shown i n f i g . 2 so t h a t they could be evacuated, 
then f i l l e d w i t h n i t r o g e n , and loaded under n i t r o g e n w i t h a 
s y r i n g e . I n t h i s way the spectra of oxygen or moisture 
s e n s i t i v e m a t e r i a l s can be s t u d i e d . S o l u t i o n s of such 
m a t e r i a l s must be prepared w i t h very dry solvents t h e r e f o r e 
the ether and t e t r a h y d r o f u r a n used were d i s t i l l e d on t o the 
compounds from l i t h i u m aluminium h y d r i d e . 
Analyses 
Halogen analyses. E s t i m a t i o n of halogens was c a r r i e d out 
by c o n v e r t i n g the halogen t o h a l i d e i o n i n aqueous s o l u t i o n , 
a c i d i f y i n g w i t h d i l u t e n i t r i c a c i d , and p r e c i p i t a t i n g the 
s i l v e r h a l i d o by a d d i t i o n of s i l v e r n i t r a t e s o l u t i o n . The 
s i l v e r h a l i d e was coagulated by warming t o about 70° f o r a 
sh o r t t i m e j then f i l t e r e d i n t o a s i n t e r e d glass c r u c i b l e , 
d r i e d at 120°, and weighed. 
B e r y l l i u m analyses. B e r y l l i u m was estimated by f i r s t con
v e r t i n g i t t o the hydroxide i n aqueous s o l u t i o n , by a d d i t i o n 
of ammonia, then i g n i t i n g i t t o b e r y l l i u m oxide, when mixed 
w i t h pumice, and weighing the oxide obtained. The purpose 
of the pumice i s t o prevent l o s s of the v e r y f i n e oxide from 
the c r u c i b l e . 

Gas analyses. Compounds which evolved gas on h y d r o l y s i s were 

u s u a l l y analysed by h y d r o l y s i n g a weighed sample of the 
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compound and measuring the gas l i b e r a t e d on the vacuum 
l i n e . The gas was then i d e n t i f i e d by i t s i n f r a - r e d spectrum. 
Cryoscopic molecular weight measurements. These measure
ments were done i n "Analar" benzene d r i e d by sodium w i r e 
f o r s e v e r a l days. Cryoscopic constants f o r the benzene 
samples used were determined by us i n g b i p h e n y l which had. 
been r e c r y s t a l l i z e d from ethanol and d r i e d . 
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PREPARATION AND PURIFICATION OF STARTING MATERIALS AND 
SOLVENTS 

D i e t h y l Ether 
Ether s o l d as "Anhydrous Methylated Ether" was d r i e d 

t h o roughly by standing f o r a few weeks over sodium w i r e before 
use. 
Tet r a h y d r o f u r a n 

Commercial t e t r a h y d r o f u r a n was l e f t s t a n d i n g f o r several 
weeks over sodium hydroxide p e l l e t s t o remove the bu l k of the 
moisture. I t was then s t i r r e d under r e f l u x i n a n i t r o g e n 
atmosphere w i t h a l i t t l e benzophenone and excess of potassium 
u n t i l i t remained q u i t e blue ( a potassium k e t y l ) . I t was 
then d i s t i l l e d and t r e a t e d a second time w i t h potassium and 
benzophenone and then d i s t i l l e d again under n i t r o g e n , c o l l e c t i n g 
the f r a c t i o n between 65° and 68°. I t was stored under n i t r o g e n 
and removed as r e q u i r e d by d r a i n i n g from a storage bulb through 
a d r i e d molecular sieve. 
Ethylene G l y c o l Dimethyl Ether (Dimethoxyethane). 

This was t r e a t e d i n e x a c t l y the same way as t e t r a h y d r o f u r a n . 
Benzene 

"Analar" benzene was allowed t o stand over sodium wire t o 
dry i t before use. 
Dimethyl Sulphide 

Dimethyl sulphide was p u r i f i e d by a r e f l u x d i s t i l l a t i o n 
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under n i t r o g e n w i t h copper powder ( t o remove mercaptans) 
and sodium wire ( t o remove w a t e r ) , f o l l o w e d by f r a c t i o n a l 
d i s t i l l a t i o n through a 10 i n c h column of glass h e l i c e s 
c o l l e c t i n g the 37.8-38.1° f r a c t i o n . * 4 9 ^ 
D i e t h y l Sulphide 

This was refluxed over sodium f o r h a l f an hour then 
f r a c t i o n a l l y d i s t i l l e d from sodium c o l l e c t i n g between 91.2° 
and 92.2°. 
A l i p h a t i c Amines 

Methylamine was prepared frommethylamine h y d r o c h l o r i d e . 
This s a l t u s u a l l y contains some ammonium c h l o r i d e and t r a c e s 
of dimethylamine h y d r o c h l o r i d e and tri m e t h y l a m i n e h y d r o c h l o r i d e 

(58) 
which must be removed. The dimethylamine and t r i m e t h y l 
amine s a l t s were e x t r a c t e d w i t h dry chloroform, from which 
the a l c o h o l had been removed, by u s i n g a Sohxlet e x t r a c t o r . 
The methylamine h y d r o c h l o r i d e was then e x t r a c t e d u s i n g dry 
n-butanol and was d r i e d t h o r o u g h l y . Methylamine was l i b e r a t e d 
by treatment w i t h aqueous potassium hydroxide s o l u t i o n , d r i e d 
w i t h potassium hydroxide, then t r e a t e d w i t h sodium and d i s 
t i l l e d o f f i n t o a storage v e s s e l . 

Trimethylamine was d r i e d w i t h phosphorus pentoxide and 
stor e d over t h i s d r y i n g reagent. I t was then d i s t i l l e d o f f 
as r e q u i r e d . 

Di-isopropylamine, N,N,N',N'-tetramethylethylenediamine, 

N,N,N«-trimethylethylenediamine, NjN'-dimethylethylehediamine, 
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ethylenediamine, and N,N-dimethylethylenediamine were a l l 
p u r i f i e d by r e f l u x i n g over sodium (potassium f o r d i - i s o -
propylamine, b.p. 83.5°) and then f r a c t i o n a l l y d i s t i l l i n g 
the amine from sodium under a n i t r o g e n atmosphere. 
P y r i d i n e 

The p y r i d i n e stood over potassium hydroxide p e l l e t s f o r 
s e v e r a l days. I t was then f r a c t i o n a l l y d i s t i l l e d , c o l l e c t i n g 
the f r a c t i o n b o i l i n g between 113° and 116°. This f r a c t i o n 
was then passed s l o w l y through a w e l l d r i e d molecular sieve 
(Type 4A) and c o l l e c t e d i n the storage f l a s k . 
2 , 2 i - B i p y r i d y l 

This was prepared by the method of Badger and Sasse^"^ 
by r e f l u x i n g p y r i d i n e w i t h s p e c i a l l y prepared Raney n i c k e l , 
causing dehydrogenation of the p y r i d i n e . The f i n a l p u r i f i 
c a t i o n of the b i p y r i d y l was done by vacuum s u b l i m a t i o n t o 
o b t a i n a product m e l t i n g at about 70 - 71°, which i s the 
r e p o r t e d value f o r pure b i p y r i d y l . 
o-Phenanthroline 

£-Phenanthroline monohydrate (m.p. 102°) was t w i c e 
sublimed s l o w l y under vacuum t o o b t a i n the anhydrous m a t e r i a l 
(m.p. 118°). 
O i l f o r L i t h i u m Shot P r e p a r a t i o n 

A 200-240° petroleum f r a c t i o n was washed w i t h cone, 
s u l p h u r i c a c i d s e v e r a l times t o remove unsaturated hydrocarbons 
then washed twice w i t h water and d r i e d over potassium hydroxide 
p e l l e t s . This was then d i s t i l l e d , c o l l e c t i n g between 200° and 
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240°. 
(51) 

L i t h i u m Shot P r e p a r a t i o n v J ' 
L i t h i u m was made i n t o a f i n e shot f o r i t s r e a c t i o n s by-

usi n g the apparatus shown i n f i g . 3 . The apparatus i s almost 
h a l f - f i l l e d w i t h the o i l described above and the weighed 
q u a n t i t y of l i t h i u m metal i s placed on i t i n an atmosphere of 
dry n i t r o g e n or p r e f e r a b l y dry argon (molten l i t h i u m can r e a c t 
w i t h n i t r o g e n f o r m i n g some l i t h i u m n i t r i d e ) . The o i l i s then 
heated by a small gas r i n g u n t i l i t i s r e f l u x i n g w e l l , when 
the l i t h i u m metal w i l l have melted. The h e a t i n g i s now stopped 
and the s t i r r e r i s turned on t o s t i r the mixture very v i g o r o u s l y 
and break down the l i t h i u m i n t o t i n y g l o b u l e s . The s t i r r i n g 
i s continued, u n t i l the l i t h i u m has s o l i d i f i e d . On c o o l i n g 
the o i l i s run out through the tap beneath the apparatus; the 
shot i s washed w i t h the solvent t o be used i n the r e a c t i o n , 
and f i n a l l y r i n s e d i n t o . t h e r e a c t i o n f l a s k . 
L i t h i u m reagents 

These were prepared by r e a c t i o n of the l i t h i u m shot, 
u s u a l l y i n ether, w i t h the corresponding a l k y l or a r y l bromide 
or sometimes the c h l o r i d e . 

Thus m e t h y l - l i t h i u m was prepared i n 70-90$ y i e l d from 
methyl bromide and l i t h i u m i n ether, e t h y l - l i t h i u m i n about 
70$ y i e l d from e t h y l bromide and l i t h i u m i n ether at about 
-10°, n - b u t y l - l i t h i u m i n 50$ y i e l d from n - b u t y l c h l o r i d e and 
l i t h i u m i n benzene, p h e n y l - l i t h i u m from bromobenzene and 
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l i t h i u m i n ether i n 93% y i e l d . 
£-Dimethylaminophenyl-lithium was prepared by a d d i t i o n 

of a benzene s o l u t i o n of b u t y l - l i t h i u m t o a s o l u t i o n o f 
ja-bromodimethylaniline i n benzene. 
B e r y l l i u m Chloride 

This was prepared by h e a t i n g b e r y l l i u m metal f l a k e s i n a 
(4 5 20) 

stream of dry hydrogen c h l o r i d e N i n the apparatus 
shown i n f i g . 4 . The product was sublimed o f f and c o l l e c t e d 
i n the f l a s k which was then sealed o f f from the r e a c t i o n tube. 
The hydrogen c h l o r i d e was su p p l i e d from a Kipp's apparatus 
c o n t a i n i n g ammonium c h l o r i d e v o l t o i d s and cone, s u l p h u r i c 
a c i d and was passed through some glass wool on t o which some 
aluminium c h l o r i d e had been sublimed, t o dry i t completely. 
The b e r y l l i u m c h l o r i d e was obtained as white needles i n 95% 
y i e l d . 
B e r y l l i u m Bromide 

B e r y l l i u m bromide was prepared i n the same type o f 
apparatus as t h a t used i n the p r e p a r a t i o n of b e r y l l i u m c h l o r i d e . 
I n t h i s case the b e r y l l i u m metal i n the form of f l a k e s was 
heated i n a stream of gas c o n s i s t i n g of dry n i t r o g e n which had 

(5 ) 
been passed through a bubbler c o n t a i n i n g bromine. The pre
p a r a t i o n i s done i n t h i s way because of the d i f f i c u l t y of 
o b t a i n i n g dry hydrogen bromide i n l a r g e q u a n t i t i e s . The vapour 
pressure o f bromine i s 173 mm. of Hg a t 20° t h e r e f o r e the 
n i t r o g e n stream c a r r i e s about 23% bromine which i s s u f f i c i e n t 
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f o r t h i s r e a c t i o n . 
The b e r y l l i u m bromide was obtained as f i n e white needles 

i n about 97$ y i e l d . 
D i m e t h y l b e r y l l i u m 

The d i m e t h y l b e r y l l i u m i n ether s o l u t i o n was prepared 
by r e a c t i o n of 2 mols. of methylmagnesium bromide w i t h 1 mol. 
of b e r y l l i u m c h l o r i d e i n e t h e r . Most of the ether was pumped 
o f f and the s o l u t i o n f i l t e r e d . The d i m e t h y l b e r y l l i u m e t h e r a t e 
was d i s t i l l e d over by a process of continuous ether d i s t i l l a t i o n 
t o separate i t from magnesium bromide.(^3). 
•Diet h y l b e r y l l i i u m 

This was prepared by the a d d i t i o n of 2 mols. of e t h y l -
l i t h i u m t o 1 mol. of b e r y l l i u m c h l o r i d e i n d i e t h y l e t h e r . 
The c l e a r s o l u t i o n wa,s decanted from l i t h i u m c h l o r i d e and 
most of the ether removed by pumping. The remaining s o l u t i o n 
was then decanted i n t o a d i s t i l l a t i o n apparatus and, a f t e r 
removing more e t h e r , the d i e t h y l b e r y l l i u m e t h e r a t e was d i s 
t i l l e d under about 0,25 mm. of Hg at 60-65°. This was taken 
up i n ether and the s o l u t i o n analysed by h y d r o l y s i s and 
measurement of ethane. The y i e l d was 68$. 
D i p h e n y l b e r y l l i u m 

An ether s o l u t i o n of d i p h e n y l b e r y l l i u m was prepared by 

the a d d i t i o n of 2 raols. of p h e n y l - l i t h i u m i n d i e t h y l e t h e r 

t o 1 mol. of b e r y l l i u m c h l o r i d e d i s s o l v e d i n ether. The 

s o l u t i o n was decanted from the p r e c i p i t a t e d l i t h i u m c h l o r i d e 

lum 



- 33 -

and used d i r e c t l y f o r the p r e p a r a t i o n of 2 , 2 ' - b i p y r i d y l -
( d i p h e n y l ) b e r y l l i u m , f o r which i t was intended. 

(22) 
D i - i s o p r o p y l b e r y l l i u m v 

Several sampHes of d i - i s o p r o p y l b e r y l l i u m were a v a i l a b l e 
i n t h i s l a b o r a t o r y and one of these was opened under vacuum 

and dissolved up i n d i e t h y l e t h e r which was condensed on i t 
i n the vacuum l i n e . This s o l u t i o n was then used f o r a 
r e a c t i o n w i t h 2 , 2 ' - b i p y r i d y l . 
I a o p r o p y l b e r y l l i u m hydride 

This was prepared by the method described by G. E. 
( 22) 

Coates and P. G l o c k l i n g . D i - i s o p r o p y l b e r y l l d u m (0.55g.) 
was t r a n s f e r r e d from a storage tube t o a small f l a s k by 
vacuum d i s t i l M i o n , where i t was heated by an o i l bath t o 
about 180° and maintained a t t h i s temperature f o r about 7 
hours, when a l l e v o l u t i o n of propene had ceased. This residue 
of i s o p r o p y l b e r y l l i u m hydride was a viscous c o l o u r l e s s o i l . 
I t was d i s s o l v e d i n 10 ml. of dry d i e t h y l ether f o r r e a c t i o n 
w i t h 2 , 2 ' - b i p y r i d y l . 
D i - n - b u t y l b e r y l l i u m 

This was prepared from b u t y l - l i t h i u m and b e r y l l i u m 
c h l o r i d e e t h e r a t e i n benzene s o l u t i o n . 0.025 mole of b u t y l -
l i t h i u m i n benzene s o l u t i o n was added t o a s o l u t i o n o f 0.0125 
mole of: b e r y l l i u m c h l o r i d e e t h e r a t e i n benzene and the c l e a r 
s o l u t i o n was f i l t e r e d from the p r e c i p i t a t e d l i t h i u m c h l o r i d e . 
B i s ( p - d i m e t h y l a m i n o p h e n y l ) b e r y l l i u m 

A benzene s o l u t i o n of bis(p_-dimethylaminophenyl)beryllium 
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was prepared by the a d d i t i o n o f 0.016 mole of £-dimethyl-
aminophenyllithium i n 140 ml. of benzene t o 0.008 mole 
of b e r y l l i u m c h l o r i d e etherate i n 110 ml. of benzene. The 
pale y e l l o w s o l u t i o n was f i l t e r e d through a s i n t e r e d glass 
disc t o separate the l i t h i u m c h l o r i d e which was p r e c i p i t a t e d 
i n the r e a c t i o n . 

(52) 
Diethylmagnesiunr y ' 

This was prepared as a s o l u t i o n i n d i e t h y l ether by 
f i r s t p r e p a r i n g a s o l u t i o n of e t h y l magnesium bromide from 
e t h y l bromide and magnesium i n ether, then p r e c i p i t a t i n g 
magnesium bromide as i t s dioxan complex by adding dioxan 
and s t i r r i n g f o r about 20 hours t o complete the p r e c i p i t a t i o n . 
The s o l u t i o n was then f i l t e r e d and analysed f o r d i e t h y l -
magnesium by h y d r o l y s i s of a sample and measurement of the 
ethane l i b e r a t e d . 
DiphenylmagnesiuHP 

Diphenylmagnesium i n ether s o l u t i o n was prepared i n a 
s i m i l a r way t o diethylmagnesium, by a d d i t i o n of dioxan t o 
a s o l u t i o n of phenyl magnesium bromide, prepared from 
magnesium and bromobenzene i n e t h e r . 
Dimethylcadmium 

Hydrated cadmium c h l o r i d e was heated on a b o i l i n g water 
bath under a water pump vacuum f o r about two hours t o remove 
most of the water of c r y s t a l l i z a t i o n , and was then d r i e d i n 
an a i r oven at 130° f o r s e v e r a l hours. 
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About 5.5g. (0.030 mole) of cadmium c h l o r i d e were 
suspended i n 150 ml. of dry ether and 25.2 ml. of 2.5M. 
m e t h y l - l i t h i u m i n ether were added slo w l y w i t h s t i r r i n g . 
Two-thirds of the ether was then removed by d i s t i l l a t i o n and 
the remaining v o l a t i l e m a t e r i a l was then d i s t i l l e d o f f a t 
room temperature under vacuum i n t o a f l a s k cooled i n l i q u i d 
a i r . Only ether and. the dimethylcadmium are c o l l e c t e d i n t h i s 
way. 

2 , 2 ' - b i p y r i d y l - l i t h i u m ^ 5 4 ' 5 5 ̂  
A s l i g h t excess of l i t h i u m metal shot was added t o a 

s o l u t i o n of 2 } 2 ' - b i p y r i d y l i n d i e t h y l ether and the mixture 
was s t i r r e d f o r s e v e r a l hours when a l l the 2 , 2 ' - b i p y r i d y l 
would have reacted g i v i n g a deep pur p l e - r e d s o l u t i o n of b i p y L i . 

(54.55) 
2 , 2 ' - b i p y r i d y l d i l i t h i u m - ?' ' ' 

A mixture of about 2.5 mols. of l i t h i u m metal and 1 mol. 
of 2 , 2 ' - b i p y r i d y l i n t e t r a h y d r o f u r a n or dimethoxyethane was 
s t i r r e d f o r s e v e r a l hours when a p u r p l e - r e d s o l u t i o n of 2,2'-
b i p y r i d y l l i t h i u m was formed which sl o w l y assumed the deep 
green c o l o u r of 2 , 2 ' - b i p y r i d y l d i l i t h i u m , b i p y L i ^ . 
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ETHER AND THIOETHER COMPLEXES OF BERYLLIUM HALIDES 

A number of complexes of b e r y l l i u m h a l i d e s w i t h c e r t a i n 
ethers and t h i o e t h e r s were prepared e i t h e r by d i r e c t r e a c t i o n 
between the two compounds or by the displacement of d i e t h y l 
ether from BeX22Et20 i n d i e t h y l ether s o l u t i o n (X=Halogen). 
This work was c a r r i e d out mainly w i t h a view t o f i n d i n g u s e f u l 
solvents f o r b e r y l l i u m c h l o r i d e a d d i t i o n a l t o the commonly 
used d i e t h y l e t h e r . 

These complexes of b e r y l l i u m h a l i d e s are a l l extremely 
hygroscopic, o f t e n fuming s l i g h t l y i n moist a i r , t h e r e f o r e 
they were always prepared and handled i n a dry atmosphere. 

For the analyses of these compounds the halogen was 
determined g r a v i m e t r i c a l l y as s i l v e r c h l o r i d e or s i l v e r bromide, 
obtained by h y d r o l y s i n g a weighed sample of the compound i n 
a closed v e s s e l , a c i d i f y i n g w i t h d i l u t e n i t r i c a c i d , and pre
c i p i t a t i n g the s i l v e r h a l i d e by the a d d i t i o n of an excess of 
s i l v e r n i t r a t e s o l u t i o n . 

D i c h l o r o ( b i s t e t r a h y d r o f u r a n ) b e r y l l i u m , (C^HgO) 2BeCl 2. 
50 ml. of dry t e t r a h y d r o f u r a n were added slow l y w i t h 

s t i r r i n g t o about 4g. of b e r y l l i u m c h l o r i d e cooled t o about 
-65°. I n i t i a l l y t h e r e was a vigorous exothermic r e a c t i o n which 
q u i c k l y subsided and a white c r y s t a l l i n e s o l i d was produced. 
The mixture was allowed t o warm t o room temperature and the 
undissolved product l e f t t o s e t t l e . 5 ml. of the c l e a r s o l u t i o n " 
was p i p e t t e d out, hydrolysed by running i n t o water, and then 
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analysed f o r c h l o r i d e i n order to estimate the s o l u b i l i t y 

of the product i n t e t r a h y d r o f u r a n a t room temperature. I t 

was found t h a t a t 18° 5.2g. of b e r y l l i u m c h l o r i d e d i s s o l v e 

i n a l i t r e of t e t r a h y d r o f u r a n ( i . e . about 14g. of'(C^HgOjg 

BeClp per l i t r e ) . The product was found to be f a r more 

s o l u b l e i n b o i l i n g t e t r a h y d r o f u r a n from which i t was r e c r y -

s t a l l i z e d as long c o l o u r l e s s n e e d l e s . Prolonged h e a t i n g 

of the s o l u t i o n causes s l i g h t decomposition s i n c e the s o l u t i o n 

begins to t u r n brownish i n c o l o u r . I t appears t h e r e f o r e , 

t h a t the t e t r a h y d r o f u r a n i s v e r y s l o w l y a t t a c k e d by b e r y l l i u m 

c h l o r i d e on h e a t i n g . A s i m i l a r darkening on h e a t i n g was 

observed i n s o l u t i o n s of b e r y l l i u m c h l o r i d e i n d i e t h y l s u l p h i d e 

but was much more r a p i d than t h a t observed i n t e t r a h y d r o f u r a n . 

I f t e t r a h y d r o f u r a n i s added s l o w l y to b e r y l l i u m c h l o r i d e 

without c o o l i n g t e x t e n s i v e c h a r r i n g o c c u r s . The product i s 

moderately s o l u b l e i n benzene and only v e r y s p a r i n g l y s o l u b l e 

i n d i e t h y l e t h e r . 

Pound: C I , 31.1, 31.6, 30.8. 31.2# CgH^OgBeClg r e < i u i r e s 

C I , 31.796. 

T h i s compound, together w i t h a complex, BeCl^.3C^HgO, 

s t a b l e below -2°, has been reported f a i r l y r e c e n t l y by A. V. 

Novoselova e t a l . (^1) 

Dibromo( b i s t e t r a h y d r o f u r a n ) b e r y l l i u m . (C^HgO JgBeBrg. 

l g . of b e r y l l i u m bromide was d i s s o l v e d i n about 100 ml. 

of d i e t h y l e t her and the s o l u t i o n was f i l t e r e d . About l g . 
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to t e t r a h y d r o f u r a n i n 10 ml. of d i e t h y l e t h e r was added 

w i t h vigorous s t i r r i n g to t h i s s o l u t i o n when a f i n e l y 

d i v i d e d white c r y s t a l l i n e s o l i d was immediately p r e c i p i t a t e d . 

T h i s was f i l t e r e d , washed with a l i t t l e e t h e r , and d r i e d 

i n a vacuum. I t was found to be s o l u b l e i n t e t r a h y d r o f u r a n 

and can be r e c r y s t a l l i z e d from a t e t r a h y d r o f u r a n - d i e t h y l 

ether mixture. 

Found: Br, 4-9-0$. C g H 1 6 0 2 3 e B r 2 r e q u i r e s 51.1$. 

l , 2 - D i ( m e t h o x y ) e t h a n e ( d i c h l o r o ) b e r y l l i u m . CgH^COMe) 2BeCl 2 

To about 4.5g. (0.056 mole) of b e r y l l i u m c h l o r i d e , 

cooled to -50°, was added 170 ml. of dry d i e t h y l e t h e r . 

The mixture was allowed to warm to room temperature w i t h 

s t i r r i n g and the s o l i d s l o w l y d i s s o l v e d . T h i s s o l u t i o n 

was f i l t e r e d and about 6g.(0.06 mole) of ethylene g l y c o l 

dimethyl ether i n a s m a l l volume of d i e t h y l ether was 

added s l o w l y w i t h vigorous s t i r r i n g to i t , when a white 

p r e c i p i t a t e was immediately produced. T h i s was f i l t e r e d o f f , 

washed w i t h d i e t h y l ether, and d r i e d i n a vacuum. The absence 

of c h l o r i d e i n the f i l t r a t e as shown by t e s t i n g w i t h s i l v e r 

n i t r a t e s o l u t i o n i n d i c a t e s t h a t the product i s i n s o l u b l e 

i n d i e t h y l e t h e r . I t was a l s o found to be i n s o l u b l e i n 

ethylene g l y c o l dimethyl ether, benzene, carbon t e t r a c h l o r i d e , 

and a l l the other common organic s o l v e n t s w i t h which i t 

does not r e a c t . I t d i s s o l v e s extremely r e a d i l y i n e t h a n o l 

forming a r a t h e r v i s c o u s s o l u t i o n from which i t 
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could not be c r y s t a l l i z e d , e i t h e r by c o o l i n g or by removal 

of s o l v e n t i n a vacuum, probably because r e a c t i o n occurs 

w i t h formation of e t h o x y b e r y l l i u m d e r i v a t i v e s , m.p. ( w i t h 

decomposition): 237-244°. 

Founds C I , 41.5$ C^H-^OjBeClg r e q u i r e s C I , 41.8$. 
(SQ) 

T h i s compound, which has been re p o r t e d , * i s c l e a r l y 

v e r y s i m i l a r i n p r o p e r t i e s to the b e r y l l i u m c h l o r i d e - d i o x a n 

complex which has been d e s c r i b e d r e c e n t l y . 

D i c h l o r o ( b i s d i m e t h y l s u l p h i d e ) b e r y l l i u m , (MejSjgBeCl^. 

60 ml. of dimethyl sulphide were added to 4g. of 

b e r y l l i u m c h l o r i d e w i t h s t i r r i n g . The r e a c t i o n was only 

s l i g h t l y exothermic and the s o l i d d i s s o l v e d q u i t e r a p i d l y . 

The s o l u t i o n was f i l t e r e d i n t o one arm of a double Schlenk 

tube, where s o l v e n t was removed by pumping u n t i l c r y s t a l s 

began to be deposited from the s o l u t i o n . The product was 

then c r y s t a l l i z e d from t h i s s o l u t i o n by c o o l i n g and was 

f i l t e r e d o f f r a p i d l y and d r i e d i n a vacuum. I t i s extremely 

hygroscopic, fuming s l i g h t l y i n moist a i r , and r e a c t s v e r y 

v i g o r o u s l y with water. I t s m e l l s s t r o n g l y of dimethyl 

s u l p h i d e . When added to d i e t h y l ether i t d i s s o l v e s with an 

exothermic r e a c t i o n and the formation of two l i q u i d l a y e r s 

which i s c h a r a c t e r i s t i c of s o l u t i o n s of b e r y l l i u m c h l o r i d e 

e t h e r a t e i n d i e t h y l e t h e r . T h i s displacement r e a c t i o n i s 

expected s i n c e oxygen i s a s t r o n g e r donor than sulphur to 

b e r y l l i u m , as was observed by Coates and Huck i n t h e i r study 
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of c o - o r d i n a t i o n compounds of d i r a e t h y l b e r y I l i u m . ' 

On h e a t i n g the compound melts to a straw-coloured 

l i q u i d a t 117 - 119°. 

Found: C I , 35.6, 36.4, 33.4$ M, c r y o s c o p i c i n benzene, 

217, 209. C 4 H 1 2 S 2 B e C l 2 r e q u i r e s C I , 34.8$; M, 204. 

P i - u - c h l o r o - d i c h l o r o b i s ( dimethyl sulphide ) d i b e r y l l i u m , 

( M e 2 S . B e C l 2 ) 2 ' 
2g. of d i c h l o r o f b i s d i m e t h y l sulphide ) b e r y l l i u m were 

d i s s o l v e d i n 40 ml. of dry toluene and the s o l v e n t was then 

removed by vacuum d i s t i l l a t i o n at room temperature l e a v i n g a 

c o l o u r l e s s c r y s t a l l i n e s o l i d which melts w i t h s l i g h t decom

p o s i t i o n at 135 - 140° and s m e l l s s t r o n g l y of hydrogen 

c h l o r i d e . 

Pound: C I , 50.6, 49.6, 4 8 . 1 ^ M, cr y o s c o p i c i n benzene 

261, 296. C ^ H 1 2 S p B e 2 C l ^ r e q u i r e s C I , 50.0$: M, 284. 

1 , 2 - D i ( m e t h y l t h i o ) e t h a n e ( d i c h l o r o ) b e r y l l i u m , C 2 H 4 ( S M e ) 2 B e C l 2 

To 2g. (0.025 mole) of b e r y l l i u m c h l o r i d e was added a 

mixture of 3.1g. (0.025 mole) of 1,2-di(methylthio)ethane 

and about 40 rnl. of dry benzene w i t h vigorous s t i r r i n g . A 

white c r y s t a l l i n e product was formed which was f i l t e r e d o f f , 

washed with a l i t t l e dry pentane, i n which i t i s i n s o l u b l e , 

and d r i e d i n a vacuum. A f u r t h e r q u a n t i t y of the product 

was obtained from the benzene f i l t r a t e , by a d d i t i o n of dry 

pentane, as c o l o u r l e s s f e a t h e r y n e e d l e s . Thus the compound 

i s moderately s o l u b l e i n benzene. 
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Pound: C I , 34.4#. C^H^SgBeClg r e q u i r e s C I , 35.1$. 

l , 2 - D i ( e t h y l t h i o ) e t h a n e ( d i c h l o r o ) b e r y l l i u m , 02E^{ S E t ) 2 B e C l 2 . 

To 2g. (0.025 mole) of b e r y l l i u m c h l o r i d e was added a 

mixture of about 4g. (0.027 mole) of 1 , 2 - d i ( e t h y l t h i o ) e t h a n e 

and 30 ml. of dry benzene w i t h s t i r r i n g . An equal volume 

of pentane was added to the s o l u t i o n obtained, and on standing 

l a r g e c o l o u r l e s s c r y s t a l s s l o w l y separated from the cloudy 

mixture produced. The product was found, to be moderately 

s o l u b l e i n benzene and i n 1 , 2 - d i ( e t h y l t h i o ) e t h a n e , and 

i n s o l u b l e i n dry pentane and hexane. L i k e the previous com

pound i t fumes s t r o n g l y i n moist a i r . 

Found: C I , 29.8$. C g H - ^ S ^ e C l j r e q u i r e s C I , 30.9%. 

B e r y l l i u m c h l o r i d e - d i e t h y l s u l p h i d e system. 

D i e t h y l sulphide behaved ve r y d i f f e r e n t l y from dimethyX 

sulphide as a s o l v e n t f o r b e r y l l i u m c h l o r i d e . I t was found 

t h a t b e r y l l i u m c h l o r i d e i s q u i t e s o l u b l e i n d i e t h y l s u l p h i d e , 

about 12g. of b e r y l l i u m c h l o r i d e d i s s o l v i n g i n 100 ml. of 

the t h i o e t h e r with a s l i g h t l y exothermic r e a c t i o n . However, 

some cleavage of the d i e t h y l s u l p h i d e seems to occur i n con

c e n t r a t e d s o l u t i o n s , and q u i t e e x t e n s i v e l y i f the s o l u t i o n 

i s heated under r e f l u x when, a c o n s i d e r a b l e amount of hydrogen 

c h l o r i d e i s evolved. These s o l u t i o n s become q u i t e v i s c o u s 

and t u r n orange-brown when s o l v e n t i s removed by vacuum 

d i s t i l l a t i o n and then on s t a n d i n g f o r a few days s e t to a 

s o l i d brownish mass. I f , however, the d i e t h y l sulphide was 
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removed by vacuum d i s t i l l a t i o n a t room temperature from 

a f r e s h l y prepared s o l u t i o n , a p a l e y e l l o w syrupy l i q u i d 

was obtained which could not be made to c r y s t a l l i z e . A n a l y s i s 

of t h i s l i q u i d gave C I , 31.9$ ( B e C l 2 . 2 E t 2 S would r e q u i r e C I , 

27»3#) and the d i s t i l l a t e was a l s o found to c o n t a i n an 

a p p r e c i a b l e amount of c h l o r i d e , probably c a r r i e d over as 

hydrogen c h l o r i d e . Thus, even when these s o l u t i o n s a r e not 

heated some decomposition seems to occur although to a 

much s m a l l e r e x t e n t . 
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2.2' - BIPYRIDYL COMPLEXES OF BERYLLIUM AND OTHER GROUP I I METALS 

S e v e r a l 2,2' - b i p y r i d y l complexes of b e r y l l i u m h a l i d e s , 

a l k y l s and a r y l s were prepared and s t u d i e d . Since these showed 

remarkable s t a b i l i t y i t seemed p o s s i b l e t h a t 2,2* - b i p y r i d y l 

might form c o o r d i n a t i o n compounds wi t h the d i a l k y l s of z i n c 

which h i t h e r t o had been found to form only one s t a b l e c o o r d i n 

a t i o n compound corresponding approximately to 2Mer>2n. 3C^HgO^^^ 

i n v o l v i n g d i m e t h y l z i n c and t e t r a h y d r o f u r a n . As n i t r o g e n i s 

a s t r o n g e r donor than oxygen to z i n c , and. 2,2* - b i p y r i d y l i s 

a bidentate l i g a n d , i t was perhaps not s u r p r i s i n g t h a t a co

o r d i n a t i o n compound was i n f a c t formed w i t h both dimethyl-

and d i e t h y l z i n c . Even dim ethylcadmium was found to r e a c t w i t h 

2,2'- b i p y r i d y l but the complex ( b i p y CdMe 2) i s r e l a t i v e l y 

unatable and s l o w l y decomposes i n t o i t s components i n vacuo 

at room temperature. Neither dimethyl-, d i p h e n y l - , nor 

d i ( p h e n y l e t h y n y l ) m e r c u r y form b i p y r i d y l complexes. 

The c o l o u r s of the b i p y r i d y l complexes, bipy BeX 2, v a r y 

markedly w i t h the e l e c t r o n e g a t i v i t y of the group X, and a 

s i m i l a r e f f e c t was also observed i n the two z i n c complexes 

prepared. The u l t r a - v i o l e t and v i s i b l e a b s o r p t i o n s p e c t r a of 

a s e r i e s of the b e r y l l i u m complexes have been s t u d i e d . 

D i m e t h y l ( b i p y r i d y l ) b e r y l l i u m t bipy BeMeg. 

3.80g. (0.0244 mole) of 2,2'- b i p y r i d y l i n 150 ml. of 

d i e t h y l e t h e r were added to 0.0244 mole of d i m e t h y l b e r y I l i u m 

i n about 10 ml. of e t h e r . Immediately a b r i g h t yellow p r e c i p i t a t e 
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was produced which was f i l t e r e d by s u c t i o n on to a s i n t e r e d 

g l a s s d i s c and washed w e l l w i t h a l i t t l e e t h e r , i n which i t 

was observed to be only s p a r i n g l y s o l u b l e , forming a pale 

y e l l o w s o l u t i o n . 

The product was only s p a r i n g l y s o l u b l e i n cold benzene 

g i v i n g a yel l o w s o l u t i o n , but was found to be more s o l u b l e 

i n b o i l i n g benzene i n which i t formed a deep orange s o l u t i o n . 

Therefore the compound was c r y s t a l l i z e d by e x t r a c t i o n w i t h 

b o i l i n g benzene i n a Sohxlet e x t r a c t o r when i t was deposited 

s l o w l y during the process as f i n e yellow n e e d l e s . 

I t was found to be u n a f f e c t e d by dry oxygen and only very 

s l o w l y hydrolysed by water w i t h e f f e r v e s c e n c e and thus i t was 

only s l o w l y a f f e c t e d by exposure to the a i r , t u r n i n g white 

over about 15 minutes. 

When heated i n a s e a l e d tube i n vacuo i t began to decompose 

at about 170° and charred r a p i d l y to a b l a c k s o l i d between 

170° and 200° without any melt i n g . I t sublimes very s l o w l y 

under a good vacuum (0.003 mm, Hg) i n an o i l bath a t 135-140° 

as a yel l o w m i c r o c r y s t a l l i n e s o l i d , but some decomposition 

occurs i f the temperature i s r a i s e d to about 160°. 

Pound: Be, 4.60, 4.46$; 0.0536g. gave 11.8 N-c.c. of 

methane on h y d r o l y s i s w i t h 2N.H2S0^. C 1 0HgN 2Be(CH-j) 2 r e q u i r e s 

Be, 4.61$; 12.3 N-c.c. of methane. 

When hydrolysed w i t h sodium hydroxide s o l u t i o n and 

e x t r a c t e d w i t h l i g h t petroleum (b.p. 40-60°) about 96% of the 
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expected amount of 2 , 2 1 - b i p y r i d y l was recovered showing t h a t 

the b i p y r i d y l system i s unchanged i n the compound and i n 

agreement with the above a n a l y s i s . 

D i e t h y l ( b i p y r i d y l ) b e r y l l i u m , bipy B e E t 2 # 

A s o l u t i o n of 3.70g. (0.0237 mole) of 2 , 2 % - b i p y r i d y l 

i n 30 ml. of ether was added s l o w l y to 0.0237 mole of 

d i e t h y l b e r y l l i u m i n 10 ml. of e t h e r . I n i t i a l l y a red 

s o l u t i o n was produced but a f t e r a d d i t i o n of the f i r s t few 

ml. orange-red c r y s t a l l i n e needles were p r e c i p i t a t e d as the 

s o l u t i o n was added* The product was f i l t e r e d o f f and washed 

with a s m a l l q u a n t i t y of e t h e r then d r i e d i n a vacuum. 

I t i s only moderately s o l u b l e i n d i e t h y l e t h e r but more 

s o l u b l e i n benzene. On s t a n d i n g i n the a i r i t turned white 

i n about 10 minutes, forming 2,2'- b i p y r i d y l and b e r y l l i u m 

hydroxide, due to r e a c t i o n w i t h moisture as i t was found to 

be u n a f f e c t e d by dry a i r at room temperature. With water i t 

i s s l o w l y hydrolysed w i t h e f f e r v e s c e n c e . 

When heated i n a s e a l e d tube decomposition to a white 

s o l i d began at about 90° but t h i s change was slow even a t 

125°. Under a p r e s s u r e of about 0.0015 mm. Hg i t sublimes 

v e r y s l o w l y , but with some decomposition, a t about 100°. 

Pound: Be, 4.25, 3.98%; M, cr y o s c o p i c i n benzene, 

233, 220; 0.068lg. gave 14.0 N-c.c. of ethane on h y d r o l y s i s 

w i t h e t h a n o l and 2N.H2S0^. C 1 0 H g N 2 B e ( C 2 H 5 ) 2 r e q u i r e s Be, 4.04% 

M, 223; 13.7 N-c.c. of ethane. 
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D i p h e n y l ( b i p y r i d y l ) b e r y l l i u m , bipy BePh 2 

T h i s was prepared by the a d d i t i o n of 2.93g. (0.0187 mole) 

of 2,2'- b i p y r i d y l i n 50 ml. of ether to a s o l u t i o n of 0.0187 

mole of d i p h e n y l b e r y l l i u m i n 100 ml. of e t h e r when i t was 

p r e c i p i t a t e d immediately as a y e l l o w i s h - c r e a m s o l i d which 

was f i l t e r e d o f f , washed w i t h e t h e r , and pumped dry. I t i s 

s p a r i n g l y s o l u b l e i n ether and i n benzene. C r y s t a l l i z a t i o n 

was e f f e c t e d by e x t r a c t i o n w i t h b o i l i n g benzene i n a Sohxlet 

e x t r a c t o r when i t was obtained as pale yellow n e e d l e s . 

The compotind shows c o n s i d e r a b l e s t a b i l i t y to water, only 

h y d r o l y s i n g very s l o w l y i n c o n t a c t w i t h water, and r e q u i r i n g 

warm 6N.sulphuric a c i d to e f f e c t reasonably r a p i d h y d r o l y s i s 

far the a n a l y s i s f o r 2,2'- b i p y r i d y l . 

Pound: Be ; 2=78, 2,79%; C, 78,3? 78,0%: H, 5-88, 5-40%: 

bipy, 48.45%. C 1 0HgN 2Be(CgH 5) 2 r e q u i r e s Be, 2.82%; C, 82.8%; 

H, 5.64%; bipy, 48.9%. 

The r a t h e r low a n a l y s i s f o r carbon may be due to formation 

of some b e r y l l i u m c a r b i d e on i g n i t i o n . 

R e a c t i o n of 2,2'- b i p y r i d y l w i t h c e r t a i n other organo-beryllium 

compounds. 

Ad d i t i o n of a s o l u t i o n of 2,2'- b i p y r i d y l (0.0045 mole) 

i n 15 ml. of ether to a s o l u t i o n of 0.0045 mole of d i - i s o p r o p y l -

b e r y l l i u m i n 30 ml. of ether gave a deep red coloured s o l u t i o n 

s i m i l a r to t h a t obtained with d i e t h y l b e r y l l i u m , but i t q u i c k l y 

took on a brownish t i n g e . On removing the e t h e r under vacuum 



- 47 -

at room temperature a very v i s c o u s red-brown t a r was obtained 

which turned dark brown w i t h i n a few hours. 

A very s i m i l a r r e a c t i o n occurred between 2 , 2 ' - b i p y r i d y l 

and i s o p r o p y l b e r y l l i u m hydride, and a l s o w i t h d i - n - b u t y l -

b e r y l l i u m , i n both c a s e s a deep red s o l u t i o n being obtained 

which t u r n s brown s l o w l y and from which only t a r r y products 

could be i s o l a t e d . T h i s decomposition was a l s o observed when 

the r e a c t i o n was done i n benzene s o l u t i o n i n s t e a d of d i e t h y l 

e t h e r . 

When a s o l u t i o n of 1.25g. (0.008 mole) of 2 , 2 ' - b i p y r i d y l 

i n 20 ml. of benzene was added to a s o l u t i o n of 0.008 mole 

of bis(p_-dimethylarainophenyl)beryllium i n 250 ml. of benzene 

a deep orange-red coloured s o l u t i o n was obtained. A f t e r 

removal of the s o l v e n t at room temperature by vacuum d i s t i l 

l a t i o n a dark orange-red s o l i d was obtained which was s l i g h t l y 

t a r r y . E x t r a c t i o n w i t h a s m a l l q u a n t i t y of benzene, and 

removal of the benzene from the s o l u t i o n obtained, gave a 

m i c r o c r y s t a l i i n e orange s o l i d which s l o w l y t u r n s dark brown 

on s t a n d i n g and which r a p i d l y decomposes on exposure to the 

a i r . 

D i c h l o r o ( b i p y r i d y l ) b e r y l l i u m , bipy B e C ^ 

2.12g. (0.026 mole) of b e r y l l i u m c h l o r i d e were d i s s o l v e d 

i n 45 ml. of d i e t h y l e t h e r and a s o l u t i o n of 4.15g. (0.026 mole) 

of 2 , 2 ' - b i p y r i d y l i n 80 ml. of e t h e r was added w i t h vigorous 

s t i r r i n g . A f i n e l y - d i v i d e d white s o l i d was immediately pre-
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c i p i t a t e d and t h i s was f i l t e r e d o f f , washed w i t h e t h e r , and 

d r i e d under vacuum. The product was a white s o l i d which was 

app a r e n t l y amorphous and almost i n s o l u b l e i n d i e t h y l e t h e r , 

benzene and p y r i d i n e . I t can be r e c r y s t a l l i z e d from b o i l i n g 

nitrobenzene as c o l o u r l e s s n e e d l e s . On h e a t i n g i t begins 

to decompose extremely s l o w l y above about 330° and does not 

melt up to 360°. I t i s s l i g h t l y hygroscopic and has a very 

f a i n t s m e l l of hydrogen c h l o r i d e . 

Pound: Be, 3.51, 3.64%; C I , 30.0%. C 1 0 H Q N 2 B e C l 2 r e q u i r e s 

Be, 3.81%; C I , 30.1%. 

D i b r o m o ( b i p y r i d y l ) b e r y l l i u m , bipy BeBr^ 

A s o l u t i o n of 1.5g. (0.01 mole) of 2 , 2 ' - b i p y r i d y l i n 

10 ml. of ether was added w i t h s t i r r i n g to a s o l u t i o n of l g . 

(0*006 mole) of b e r y l l i u m bromide i n 15 ml. of ether when a 

pale cream coloured p r e c i p i t a t e was formed which was f i l t e r e d 

o f f , washed w i t h e t h e r , and d r i e d . 

Pound: Br, 48.9%. C 1 0HgN 2BeBr 2 r e q u i r e s Br, 49.2%. 

D i i o d o ( b i p y r i d y l ) b e r y I l i u m , bipy Bel,,. 

A s o l u t i o n of 5g. of i o d i n e i n 50 ml. of d i e t h y l e t h e r 

was added dropwise to a s o l u t i o n of 0.0072 mole of d i e t h y l -

b e r y l l i u m i n about 8 ml. of e t h e r u n t i l a s l i g h t y e l l o w i s h 

c o l o u r a t i o n p e r s i s t e d when the formation of b e r y l l i u m i o d i d e 

i s complete: 

( C 2 H 5 ) 2 B e + I 2 > 2 C 2 H 5 I + B e l g . 
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The s o l u t i o n was then f i l t e r e d and 0.7g. (0.0045 raole) 

of 2,2'- b i p y r i d y l i n 10 ml. of e t h e r was added w i t h s t i r r i n g . 

A y e l l o w p r e c i p i t a t e was produced which was f i l t e r e d o f f , 

washed s e v e r a l times w i t h s m a l l q u a n t i t i e s of ether, and d r i e d 

under vacuum. 

The product, which i s pale y e l l o w when dry, i s only v e r y 

s l i g h t l y s o l u b l e i n d i e t h y l e t h e r and only a l i t t l e more 

s o l u b l e i n t e t r a h y d r o f u r a n . I n c a r e f u l l y p u r i f i e d t e t r a h y d r o 

f u r a n i t g i v e s a v e r y pale y e l l o w s o l u t i o n , but i f the t e t r a 

hydrofuran c o n t a i n s any t r a c e s of peroxide i t produces a 

reddish-brown s o l u t i o n due to some o x i d a t i o n of the compound 

g i v i n g i o d i n e . The compound i s r a p i d l y hydrolysed by water. 

Found: I , 60.3$. C 1 0 H g N 2 B e I 2 r e q u i r e s I , 60.6$. 

R e a c t i o n of 2,2'- b i p y r i d y l with diethylmagneaium. 

The a d d i t i o n of 2,2'- b i p y r i d y l i n e t h e r to an e t h e r 

s o l u t i o n of diethylmagnesitim gave a deep red s o l u t i o n from 

which a dark red t a r was obtained by removal of the e t h e r . 

T h i s turned brown w i t h i n a few hours as was observed w i t h the 

b i p y r i d y l complexes of the h i g h e r a l k y l s of b e r y l l i u m . 

R e a c t i o n of 2,2'- b i p y r i d y l w i t h diphenylmagnesium 

When a s o l u t i o n of 1.56g. (0.01 mole) of 2 , 2 ' - b i p y r i d y l 

i n 20 ml. of e t h e r was added w i t h s t i r r i n g to a s o l u t i o n of 

0.01 mole of diphenylmagnesium i n 50 ml. of ether an orange-

yel l o w p r e c i p i t a t e was immediately produced. However the 

p r e c i p i t a t e began to darken v e r y r a p i d l y and had turned a 
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chocolate-brown c o l o u r w i t h i n about ten minutes. T h i s 

decomposition product was not i n v e s t i g a t e d f u r t h e r . 

D i m e t h y l ( b i p y r i d y l ) z i n c , bipy ZnMe2. 

820 N-c.c. (0.036 mole) of d i r a e t h y l z i n c were condensed 

i n t o a f l a s k c o n t a i n i n g 1.56l4g. (0.0100 mole)of b i p y r i d y l . 

The r e a c t i o n f l a s k was c l o s e d from the r e s t of the vacuum 

apparatus and allowed to warm up s l o w l y to room temperature. 

As the d i m e t h y l z i n c began to melt a b r i g h t y e l l o w c o l o u r 

was produced on the b i p y r i d y l . A f t e r l e a v i n g the r e a c t i o n 

mixture f o r h a l f ezi hour, to ensure complete r e a c t i o n , the 

excess of d i m e t h y l z i n c was taken o f f i n t o the gas measurement 

bulbs. The excess was found to be 584 N-c.c., showing t h a t 

236 N-c.c. (0.0105 mole) of d i m e t h y l z i n c had been r e a c t e d . 

Thus the b r i g h t yellow product i s the 1:1 c o o r d i n a t i o n com

pound. 

T h i s compound i s remarkably s t a b l e , being only s l i g h t l y 

hygroscopic and t u r n i n g white when exposed to the atmosphere 

only a f t e r a few hours. I t i s only s p a r i n g l y s o l u b l e i n 

d i e t h y l e t h e r . 

On h e a t i n g i t begins to darken at about 100° becoming 

s l o w l y c h a r r e d . 

D i m e t h y l ( o - p h e n a n t h r o l i n e ) z i n c , o-phenan ZnMe2 

T h i s p r e p a r a t i o n was c a r r i e d out i n the same way as the 

p r e v i o u s experiment w i t h o_-phenanthroline r e p l a c i n g 2,2'-

b i p y r i d y l . A y e l l o w compound was again obtained from equimol 
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amounts of the r e a c t a n t s which has ve r y s i m i l a r p r o p e r t i e s to 

2,2'- b i p y r i d y l ( d i m e t h y l ) z i n c . 

D i e t h y l ( b i p y r i d y l ) z i n c t bipy ZnEtg. 

l g . (0.0081 mole) of d i e t h y l z i n c i n about 15 ml. of ether 

was placed i n one arm of a double Schlenk tube. A s o l u t i o n of 

1.2g. (0.0077 mole) of 2,2'- b i p y r i d y l i n 10 ml. of e t h e r was 

added when a red s o l u t i o n was produced. Most of the e t h e r was 

pumped o f f and the product which had c r y s t a l l i z e d out was 

f i l t e r e d from the remaining s o l u t i o n and d r i e d i n a vacuum. 

I t was an orange-red c r y s t a l l i n e s o l i d ( p l a t e s ) which was 

r a p i d l y decomposed on exposure to the atmosphere. 

Pound: 0.l670g. gave 26.4 N-c.c. of ethane on h y d r o l y s i s . 

C 1 0 H 8 R 2 Z n ^ G 2 H 5 ^ 2 r e c l u i r e s 2 6 • 8 N-c.c. 
Dimethyl(bipyridyi)cadmium, bipy CdMeg 

When dimethylcadmiurn and e t h e r were condensed on to about 

2g. of 2,2*- b i p y r i d y l a b r i g h t yellow compound was formed 

which i s only s p a r i n g l y s o l u b l e i n e t h e r . When the exce s s 

dimethylcadmium and the ether had been removed under vacuum 

i t was found t h a t the ye l l o w c o l o u r began to t u r n g r a d u a l l y 

p a l e r w i t h pumping and the product s l o w l y decreased i n weight 

e v e n t u a l l y g i v i n g pure b i p y r i d y l again. Thus the ye l l o w 

product, which i s undoubtedly bipy CdMeg, i s r e l a t i v e l y u nstable 

and decomposes i n t o dimethylcadmium and 2,2'- b i p y r i d y l i n 

vacuo a t room temperature. 
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A d d i t i o n of 2,2'- b i p y r i d y l t o dimethyl- and diphenylmercury. 

0.60 ml. (about 0.008 mole) of dimethylmercury was 

added from a p i p e t t e to a s o l u t i o n of 1.56g. (0.01 mole) 

of 2,2'- b i p y r i d y l i n about 30 ml. of e t h e r . No apparent 

change occurred and on pumping o f f about 20 ml. of the s o l v e n t , 

c o l o u r l e s s c r y s t a l s of 2,2'- b i p y r i d y l (m.p. 69-70.5°) were 

produced. The remaining e t h e r was pumped o f f and the s o l i d 

pumped dry. The weight of dry s o l i d was 1.56g. t h e r e f o r e no 

r e a c t i o n had occurred. 

A s a t u r a t e d s o l u t i o n of diphenylmercury i n e t h e r was 

added to a concentrated s o l u t i o n of 2,2'- b i p y r i d y l i n e t h e r . 

The s o l u t i o n remained c o l o u r l e s s and no compound was p r e c i 

p i t a t e d , thus no apparent r e a c t i o n occurred. 
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BIPYRIDYL ANION COMPLEXES OF BERYLLIUM 

B i s ( b i p y r i d y l ) b e r y l l i u m , bipyg Be 
When an ether s o l u t i o n of 2,2'- b i p y r i d y l l i t h i u m was 

added t o b e r y l l i u m c h l o r i d e , a l s o i n e t her, the deep red 
col o u r a t once changed t o an intense green and l i t h i u m 
c h l o r i d e was p r e c i p i t a t e d : 

2 L i + b i p y - + BeCl 2 ^ bipy,. Be + 2 L i C l 

The same product was obtained when the d i l i t h i u m d e r i v a t i v e 
of b i p y r i d y l was added t o a suspension of d i c h l o r o ( b i p y r i d y l ) -
b e r y l l i u m i n t e t r a h y d r o f u r a n or i n 1,2- dimethoxyethane. I n 
t h i s case there was no s t r i k i n g c o l o u r change but the very 
s p a r i n g l y s o l u b l e b i p y BeClg d i s s o l v e d r e a d i l y when the bipy 
L i p was added: 

bipy L i ? + bipy BeClg ^ b i p y ^ Be + 2Li C l 

A t y p i c a l p r e p a r a t i o n i s described below. 
L i t h i u m i n excess (about l g . ) was added t o b i p y r i d y l 

(1.2g.) i n 50 ml. of 1,2- dimethoxyethane. The s o l u t i o n 
q u i c k l y became purple-red and then g r a d u a l l y turned deep green 
i t was l e f t t o stand f o r 24 hours t o ensure complete f o r m a t i o n 
of the d i l i t h i u m adduct, and was then f i l t e r e d and added t o 
a suspension of bipy BeClp obtained by a d d i t i o n of 1.28g. 
of b i p y r i d y l i n 10 ml. of ether t o 0.65g. of b e r y l l i u m 
c h l o r i d e i n 50 ml. of 1,2- dimethoxyethane contained i n a 
double Schlenk tube. The bipy BeClp d i s s o l v e d g i v i n g a deep 
green s o l u t i o n , which was evaporated t o dryness by pumping 
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a t room temperature. The black residue was e x t r a c t e d w i t h 
40 ml. o f dry benzene, and the e x t r a c t twice f i l t e r e d through 
s i n t e r e d glass discs ( p o r o s i t y 3) t o separate l i t h i u m c h l o r i d e 
and the s l i g h t excess of bipy BeClg. Benzene was then pumped 
o f f , the residue f i n a l l y being heated t o 35° f o r 2 hours i n 
a vacuum. The black product was broken t o a f i n e l y c r y s t a l l i n e 
g l i s t e n i n g powder, and washed w i t h two 10 ml. p o r t i o n s of ether 
t o remove any t r a c e s of f r e e b i p y r i d y l . The complex has not 
been observed t o melt but i t sublimes very s l o w l y a t 180° (about 

-4 \ 
10 mm.;, w i t h some decomposition since a smaTL amount of b i p y r i d y l 
was deposited on the cooler p a r t s of the condenser. 

Found: Be, 2.6, 2.9$; b i p y , 95.1#. C 2 0K 1 6BeN 4 r e q u i r e s 
Be, 2.8%; b i p y , 97.2$. Halogen could not be detected i n the 
px U U. u * 

The complex i s sparingly s o l u b l e i n d i e t h y l e ther, more 
r e a d i l y so i n t e t r a h y d r o f u r a n or i n 1,2-dimethoxyethane; i n 
these solvents the c o l o u r i s deep green. I t i s also moderately 
s o l u b l e i n benzene, but the s o l u t i o n i s then of a brownish 
o l i v e green c o l o u r . 

A d d i t i o n of bromine ( 1 mol. ) i n ether t o a s o l u t i o n of 
the complex i n d i e t h y l ether immediately discharged the green 
c o l o u r , and the pale cream bipy BeB^ was p r e c i p i t a t e d . 

Professor R. S. Nyholm and Dr. C. S. Pande of U n i v e r s i t y 
College, London, k i n d l y measured the magnetic s u s c e p t i b i l i t y 
of t h i s compound and found values of 2.05 and 2.15 B.M. f o r 
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the room temperature s u s c e p t i b i l i t i e s of two specimens a f t e r 
diamagnetic c o r r e c t i o n s had been made. 
l i t h i u m b i s ( b i p y r i d y l ) b e r y l l a t e , L i [bip_y_ 2

 B e ] 

0.0075 mole of d i c h l o r o ( b i p y r i d y l ) b e r y l l i u m was pre
c i p i t a t e d by adding 2.34g. (0.015 mole) of b i p y r i d y l i n 50 ml. 
of ether t o 0.60g. (0.0075 mole)of b e r y l l i u m c h l o r i d e i n 
50 ml. of ether. A f t e r a d d i t i o n of 0.25g. of l i t h i u m the 
mixture was s t i r r e d . A green c o l o u r , bipyp Be, soon developed 
and a f t e r an hour a l l the suspended bipy BeClg had d i s s o l v e d . 
With continued s t i r r i n g the co l o u r changed through brown t o 
deep v i o l e t - b l u e . The s o l u t i o n was f i l t e r e d from l i t h i u m 
c h l o r i d e and excess l i t h i u m , introduced i n t o a double Schlenk 
tube and solvent removed by pumping. The residue was e x t r a c t e d 
w i t h f^ry benzene, i n which i t d i s s o l v e d w i t h a br o w n - v i o l e t 
c o l o u r , and f i l t e r e d i n t o the other, limb of the double Schlenk 
tube. Removal of benzene by pumping y i e l d e d the l i t h i u m s a l t 
as a bl a c k m i c r o c r y s t a l l i n e g l i s t e n i n g powder. 

Found: L i , 2.24$; Be, 2.58%. C^QH-^BeLiN^ r e q u i r e s 
L i , 2.14/o; Be, 2.74%. 

L i k e the previous compound i t i s r a p i d l y decomposed, w i t h 
fuming, on exposure t o a i r . 

A d d i t i o n of bromine i n ether t o a s o l u t i o n of the l i t h i u m 
s a l t i n the same sol v e n t r e s u l t e d i n a co l o u r change from 
v i o l e t t o green, f o l l o w e d by p r e c i p i t a t i o n of pale cream bipy 
BeBr„. 



PYRIDINE COMPLEXES OP BERYLLIUM ALKYLS 

The complexes of p y r i d i n e w i t h d i m e t h y l b e r y l l i u m and 
d i e t h y l b e r y l l i u m were prepared f o r two main reasons. F i r s t l y , 
t o see i f the s t a b i l i t y of the 2,2'- b i p y r i d y l complexes of 
b e r y l l i u m towards oxygen i s due t o cheMion of the donor or 
to the aromatic p r o p e r t i e s of the donor, or t o a combination 
of both these f a c t o r s . Secondly, t o see i f they were coloured, 
as are the 2,2*- b i p y r i d y l complexes. 
Bis( p y r i d i n e ) d i m e t h y l b e r y l l i u m ]Dy_2BeMep. 

About 0.01 mole of d i m e t h y l b e r y l l i u m i n 10 ml. of ether 
was placed i n one arm of a double Schlenk tube and 1.9g. 
(0.024 mole) of p y r i d i n e i n 2 ml. of ether was added. The 
r e a c t i o n was s l i g h t l y exothermic and a very pale y e l l o w 
s o l u t i o n was produced 'which was immediately f i l t e r e d * Long 
white needles began t o c r y s t a l l i z e out q u i t e r a p i d l y on 
standing. The product was f i l t e r e d on t o the s i n t e r e d glass 
disc and pumped dry. 

I t e ffervesces very v i g o r o u s l y w i t h water and fumes 
s t r o n g l y w i t h a i r . 

On h e a t i n g i n a sealed tube under vacuum i t melts t o 
o 

a y e l l o w l i q u i d a t 91-2 . 
Pound: 0.4 399g. gave 100.9 N-c.c. of methane on h y d r o l y s i s 

w i t h propanol and then 2N.H2SO4. (C^H^N^BeCCH^^ r e q u i r e s 
100.1 N-c.c. of methane. 
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B i s ( p y r i d i n e ) d i e t h y l b e r y l l i u m t pygBeEto. 
To a s o l u t i o n of 0.0118 mole of d i e t h y l b e r y l l i u m i n 

15 ml. of ether was added 1.88g. (0.0237 mole) of p y r i d i n e i n 
25 ml. of ether when a golden-yellow s o l u t i o n was produced. 
The s o l u t i o n was f i l t e r e d , and the product was c r y s t a l l i z e d 
from i t by pumping o f f ether. The product was an orange-yellow 
c r y s t a l l i n e s o l i d which was s l i g h t l y s e n s i t i v e t o l i g h t , 
darkening t o a brown colour when exposed t o the l i g h t f o r 
sev e r a l days. I t fumes v i g o r o u s l y , but does not take f i r e , 
when exposed t o the a i r , and i s hydrolysed by water w i t h 
vigorous effervescence. 

On h e a t i n g i n an atmosphere of n i t r o g e n i t began t o 
darken s l o w l y a t about 90^100° and r a p i d l y above 140° becoming 
dark brown and f i n a l l y black. 

Pound: 0.0 379g« gave 7.3 W-c.c. of ethane on h y d r o l y s i s ; 
M, cryoscopic i n benzene, 232, 192. (C^H^N^BetC^H^^ r e q u i r e s 
7.5 N-c.c. of ethane; M, 225. 
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ULTRA-VIOLET AND VISIBLE ABSORPTION SPECTRA OF 2.2'-
BIPYRIDYL COMPLEXES 

The colours of the complexes, bipy BeX^, are remarkable. 
When X = Et, i - P r , n-Bu, the complexes are red, X = £-CgH^.NMe 
orange, X = Ph, Me, or I , y e l l o w , X = Br, cream, and when 
X = CI, w h i t e . The colour changes can be seen t o be i n the 
order of the e l e c t r o n e g a t i v i t i e s of the group X which suggests 
t h a t the l i g h t a b s o r p t i o n i n v o l v e s an e l e c t r o n t r a n s f e r t o 
the 2,2'- b i p y r i d y l from the ot h e r p a r t of the molecule. To 
i n v e s t i g a t e t h i s e f f e c t more c l o s e l y the u l t r a - v i o l e t and 
v i s i b l e a b s o r p t i o n spectra of 2,2 s- b i p y r i d y l and s i x of these 
complexes have been studied i n e i t h e r d i e t h y l ether or t e t r a -
hydrofuran s o l u t i o n s . The c one e»nt r a t ions of the s o l u t i o n s 
used f o r the spectra of the complexes were estimated by t a k i n g 
a known volume of the s o l u t i o n , removing the s o l v e n t , and 
adding a b u f f e r e d s o l u t i o n of f e r r o u s sulphate i n ,just 
s u f f i c i e n t q u a n t i t y t o convert the 2,2'- b i p y r i d y l present 

2+ 
i n t o (Fe b i p y , ) . This s o l u t i o n was made up t o a measured 
volume i n a graduated f l a s k and the c o n c e n t r a t i o n of the 
f e r r o u s - b i p y r i d y l complex i o n estimated c o l o r i m e t r i c a l l y 
u sing the a b s o r p t i o n maximum a t 522 mu., w i t h £= 8660. From 
t h i s the c o n c e n t r a t i o n of bipy BeX 2 i n the o r i g i n a l s o l u t i o n 
could then be c a l c u l a t e d . 

D e s c r i p t i o n s of the methods used i n each case are given 
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below t o g e t h e r w i t h the values of the molecular e x t i n c t i o n 
c o e f f i c i e n t at the a b s o r p t i o n maxima: 
2,2'- B i p y r i d y l 

0.0651g. of 2,2'- b i p y r i d y l was d i s s o l v e d i n 100 ml. 
of d i e t h y l ether and t h i s s o l u t i o n was d i l u t e d 100 times g i v i n g 
a s o l u t i o n of 0.00651g. per l i t r e (4.17 x 10 J moles per l i t r e ) . 
The spectrum obtained on t h i s s o l u t i o n i s shown i n f i g u r e 5. 

Xmax £ 
237.5 22000 
283 30000 

D i e t h y l ( b i p y r i d y l ) b e r y l l i u m 
Since very d i l u t e ether s o l u t i o n s of t h i s complex are 

r e a d i l y decolourised by s l i g h t t r a c e s of moisture the s p e c t r a 
were measured on d i l u t e s o l u t i o n s of the complex i n 0.005 molar 
d i e t h y l b e r y l l i u m i n ether w i t h the same d i e t h y l b e r y l l i u m 
s o l u t i o n i n the reference c e l l . 

\ max € 
241 mu 

297.5 29600 
365 3440 
461.5 3700 

Dimethyl( b i p y r i d y l ) b e r y l l i u m 
The spectra of t h i s complex were done on s o l u t i o n s of the 

compound i n about 0.01 M. d i m e t h y l b e r y l l i u m i n d i e t h y l ether. 
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\ max £ 

247 mu 25000 
298 22000 
395 2700 

P i p h e n y l ( b i p y r i d y l ) b e r y l l i u m 
Spectrum was done on a s a t u r a t e d s o l u t i o n of the complex 

i n d i e t h y l ether. 
The p o i n t of i n f l e x i o n i s at about 353 mu. w i t h €= 501. 

D i c h l o r o ( b i p y r i d y l ) b e r y l l i u m 
This complex i s i n s o l u b l e i n d i e t h y l ether t h e r e f o r e 

the spectrum was done on a s a t u r a t e d s o l u t i o n of the complex 
i n t e t r a h y d r o f u r a n d i l u t e d w i t h an equal volume of the 
s o l v e n t . 

A max £ 

239.5 mu 33000 
285.5 38000 
309 ( i n f l e x i o n ) 13000 
352 ( i n f l e x i o n ) 1200 

D i b r o m o ( b i p y r i d y l ) b e r y l l i u m 
Spectra were done on a saturated s o l u t i o n i n t e t r a h y d r o 

f u r a n , and on t h i s s o l u t i o n d i l u t e d f i v e times. 

A max € 

239 mu 35300 
286.5 50500 
364.5 2360 
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D i i o d o ( b l p y r l d y l ) b e r y l l i u m 
Spectra were done on a s a t u r a t e d s o l u t i o n i n t e t r a -

h ydrofuran, and on t h i s s o l u t i o n d i l u t e d f i v e times. 

A max € 
235 mu 30000 
290 24000 
368 7000 

Pe b i p y ^ ) . 
The s o l u t i o n was prepared from 2 , 2 ' - b i p y r i d y l w i t h a 

very s l i g h t excess of f e r r o u s sulphate i n water. 

A max € 
246.5 my. 51200 
298.5 96800 
347.5 8650 
522 8660 

The spectrum of b i s ( b i p y r i d y l ) b e r y l l i u m i n benzene 
s o l u t i o n was also examined and found t o have broad a b s o r p t i o n 
bands w i t h maxima at 801 and 899 mu. accounting f o r i t s deep 
green c o l o u r i n s o l u t i o n . 



*• transmission 

U| J f* -n 
O 1 ~J C <-? i a* 

DO 

O N 0 
9 

\ CP 
< «A 

\ eft 

i 



- 62 -

COMPLEXES OF CERTAIN ETHYLENEDIAMINE DERIVATIVES WITH 
DIMETHYLBERYLLIUM 

The r e a c t i o n s of ethylenediamine and N-methyl sub
s t i t u t e d ethylenediamines w i t h d i m e t h y l b e r y l l i u m have been 
s t u d i e d . I n f o u r of these amines there are one or more 
r e a c t i v e hydrogen atoms ( i . e . they c o n t a i n primary or 
secondary amine groups), which can be e l i m i n a t e d w i t h a 
methyl group from the d i m e t h y l b e r y l l i u m as methane gas. 
Dimethyl(N,N,N',N',-tetramethylethylenediamine)beryllium, 
Me2N.CH2CH2.NMe2,BeMe2. 

About 0.01 mole of d i m e t h y l b e r y l l i u m i n 10 ml. o f 
ether was placed i n a double Schlenk tube. 0.012 mole o f 
N,N,N',N',-tetramethylethylenediamine (1.4g.) was added i n 
2 ml. of ether when a s l i g h t l y exothermic r e a c t i o n occurred 
g i v i n g a c o l o u r l e s s s o l u t i o n from which e t h e r was removed 
u n t i l s u f f i c i e n t product had c r y s t a l l i z e d out. The white 
c r y s t a l s were then f i l t e r e d o f f and pumped dry. 

On h e a t i n g i n a sealed tube under vacuum the product 
melts at 81.2°, I t fumes s t r o n g l y when exposed t o the 
atmosphere f o r a shor t time, but wi t h o u t t a k i n g f i r e , and 
i t r e a c t s v i g o r o u s l y w i t h water w i t h effervescence. 

Found: Be, 5.5%; 0.2315g. gave 67.9 N-c.c. of methane 
on h y d r o l y s i s ; M, cryoscopic i n benzene, 176, 170, i n 0.29* 
0.64 wt.% s o l u t i o n s . C 2H^(NMe 2) 2»BeMe 2 r e q u i r e s Be, 5.8%; 
66.9 N-c.c. of methane; M, 155. 
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The molecular weight measurements correspond t o degrees 
of a s s o c i a t i o n of 1.13 and 1.10 r e s p e c t i v e l y . 
Reaction of N,N,N',-trimethylethylenediamine w i t h 
d i m e t h y l b e r y l l i u m . 

About 52 N-c.c. of d i m e t h y l b e r y l l i u m i n 0.8 ml. 
of e t h e r s o l u t i o n were cooled i n l i q u i d a i r i n a r e a c t i o n 
bulb on the vacuum l i n e and about 56 N-c.c. of N,N,N',-
tri m e t h y l e t h y l e n e d i a m i n e were condensed on i t . The r e a c t i o n 
bulb was then i s o l a t e d from the r e s t of the vacuum l i n e 
and allowed t o warm up s l o w l y . A product s o l u b l e i n the 
ether was formed, then at about room temperature (18°) 
vigorous effervescence occurred w i t h the f o r m a t i o n of a white 
c r y s t a l l i n e s o l i d ( n e e d l e s ) , and a gas. 

The ether and excess diamine were condensed out i n a t r a p 
cooled i n l i q u i d a i r and the non-condensable gas was measured. 
I t was found t h a t 49.6 N-c.c. of gas, i d e n t i f i e d as methane 
by i t s i n f r a - r e d spectrum, was formed i n the r e a c t i o n . The 
product was then hydrolysed by water vapour and the l i b e r a t e d 
methane measured. 56.7 N-c.c. of methane were obtained from 
the h y d r o l y s i s . 

I n a second r e a c t i o n u s i n g a l a r g e excess of the diamine 
59 N-c.c. of d i m e t h y l b e r y l l i u m i n 0.9 ml. of ether was mixed 
w i t h about 270 N-c.c. of N,N,N',-trimethylethylenediamine 
and a f t e r effervescence had f i n i s h e d at room temperature, 
the mixture was heated i n an o i l bath at 60° f o r about 30 
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minutes but no f u r t h e r e v o l u t i o n of gas occurred. The 
methane was measured and found t o be 57.4 N-c.c. 

The product was then prepared on a l a r g e r scale i n 
order t o i n v e s t i g a t e i t s p r o p e r t i e s . 0.0058 mole of d i m e t h y l -
b e r y l l i u m i n about 2 ml. of ether was placed i n one arm of 
a double Schlenk tube and cooled i n l i q u i d a i r . 0.7g. 
(0.0068 mole) of N,N,N',-trimethylethylenediamine i n about 
10 ml. of ether was added and the mixture allowed t o warm 
up slo w l y w i t h occasional shaking t o mix the r e a c t a n t s 

o 
thoroughly on m e l t i n g . At about 0 a steady e v o l u t i o n of 
methane began. When the r e a c t i o n was complete the s o l u t i o n 
was f i l t e r e d i n t o the other arm of the apparatus and most 
of the ether was pumped o f f . On c o o l i n g the s o l u t i o n , white 
needles c r y s t a l l i z e d out and were f i l t e r e d o f f a,nd pumped 
dry f o r 2 hours. 

The product was very s o l u b l e i n benzene. I t r e a c t s 
v i g o r o u s l y w i t h water l i b e r a t i n g methane and fumes of b e r y l l i u m 
hydroxide but when exposed t o the atmosphere i t i s s l o w l y 
hydrolysed without fuming. 

On h e a t i n g i n a sealed tube under vacuum i t melts a t 
116-8°. 

Found: 0.2076g. gave, on h y d r o l y s i s , 34.8 N-c.c. 
of methane; M, cryoscopic i n benzene, 255, 241, i n 0.77 
and 1.16 wt.# s o l u t i o n s . C^H-j^Ng.BeCH^ r e q u i r e s 37 N-c.c. 
of methane; M, 125. 
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Thus f o r C^H^Ng.BeCH^ the degree of a s s o c i a t i o n i s 

2.04 and 1.93 i n the two s o l u t i o n s measured. 
Reaction of N tN',-dimethylethylenediamine w i t h dimethylbery Ilium 

90 N-c.c. of N,W,-dimethylethylenediamine were condensed 
on t o 0.75 ml. of an ether s o l u t i o n c o n t a i n i n g 49 N-c.c. of 
di m e t h y l b e r y l l i u r a cooled i n l i q u i d a i r . On a l l o w i n g the 
r e a c t i o n bulb t o warm up slow l y vigorous effervescence 
occurred as soon as the diamine melted. On reaching room 
temperature the bulb contained a white s o l i d and the excess 
diamine and ether, plus a considerable q u a n t i t y of a non-
condensable gas which was measured. The excess diamine and 
the ether were pumped o f f l e a v i n g a white c r y s t a l l i n e product 
as t i n y needles. The gas, which was shown t o be methane by 
i t s i n f r a - r e d spectrum, measured 48.2 R-s.c. 

The s o l i d product was heated a t 60° f o r an hour w i t h 
no aprjarent change. I t was then heated under vacuum w i t h 
an o i l bath when i t began t o sublime very s l o w l y at about 
90°. At 145° sudden vigorous decomposition occurred w i t h 
fuming, producing an amorphous w h i t e s o l i d and a gas. The 
gas was measured (39.1 N-c.c.) and shown by i t s i n f r a - r e d 
spectrum t o be methane. The s o l i d , which i s i n s o l u b l e i n 
benzene, gave no more methane even on h e a t i n g t o the temper
ature a t which i t began t o char s l o w l y . Thus approximately 
80$ of the expected methane was e l i m i n a t e d by h e a t i n g . 

The compound obtained a f t e r the e l i m i n a t i o n of the f i r s t 
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mol. of methane was prepared on a l a r g e r scale by the 
a d d i t i o n of 1.15g. (0.0132 mole) o f N,N'-dimethylethylene-
diamine i n 20 ml. of ether t o a s o l u t i o n of 0.0117 mole of 
d i m e t h y l b e r y l l i u m i n 4 ml. of ether cooled i n l i q u i d a i r , 
the mixture then being allowed t o warm up s l o w l y . At about 
-30° gas began t o be evolved s l o w l y from the s o l u t i o n which 
was immediately f i l t e r e d . As the gas was evolved c o l o u r l e s s 
needles began t o c r y s t a l l i z e out from the s o l u t i o n . When the 
r e a c t i o n had ceased about t w o - t h i r d s of the ether was d i s t i l l e d 
o f f under vacuum and then the mixture was cooled and f i l t e r e d , 
and the product was pumped u n t i l completely d r y . I t was 
found t o be so l u b l e i n benzene and the molecular weight was 
t h e r e f o r e determined 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 , 

Pound; M, ??2, 217 i n 0.81, 1.41 wt.# s o l u t i o n s , For 
C 4 ^ 1 1 N 2 * S e G H 3 ( f o r m u l a weight: 111) these correspond t o 
degrees of a s s o c i a t i o n of 2.00 and 1.96 r e s p e c t i v e l y . 

The compound i s l i t t l e a f f e c t e d by sh o r t exposure t o the 
atmosphere, but r e a c t s w i t h water e v o l v i n g methane. 

A more complete e l i m i n a t i o n of methane from t h i s compound 
was e f f e c t e d by h e a t i n g i t s s o l u t i o n i n t e t r a l i n . The t e t r a l i n 
used f o r t h i s was p u r i f i e d by shaking w i t h f e r r o u s sulphate 
s o l u t i o n t o remove peroxides, d r y i n g over calcium c h l o r i d e , 
r e f l u x i n g over sodium, and f i n a l l y d i s t i l l i n g from sodium a t 
206-8°. 

0.029 mole of d i m e t h y l b e r y l l i u m in. 40 ml. of ether was 
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allowed t o re a c t w i t h 3g. (0.034 mole) of N,N',-dimethyl-
ethylenediamine i n 35 ml. of ether "by mi x i n g the two 
s o l u t i o n s , cooled below - 100°, and l e a v i n g the mixt u r e 
t o warm up t o room temperature. When e v o l u t i o n of methane 
had ceased the ether and excess diamine were d i s t i l l e d o f f 
under vacuum and 120 ml. of the t e t r a l i n were added t o the 
product which p a r t l y d i s s o l v e d . On he a t i n g up sl o w l y a l l 
the s o l i d d i s s o l v e d i n the t e t r a l i n and at about 140-150° 
e v o l u t i o n of methane began. A f t e r h e a t i n g f o r about 2 hours 
no more methane was being evolved and the s o l u t i o n had formed 
a c l e a r pale y e l l o w i s h g e l . By vacuum d i s t i l l a t i o n a t 
80-100° the t e t r a l i n was removed from the g e l q u i t e r e a d i l y 
l e a v i n g a cream-coloured s o l i d which was washed once w i t h 
30 ml* of dry ether and d r i e d i n a vacuum, 

A sample of t h i s s o l i d was hydrolysed w i t h d i l u t e 
s u l p h u r i c a c i d f o l l o w e d by concentrated h y d r o c h l o r i c a c i d 
when a pale y e l l o w i s h s o l u t i o n was formed but no gas was 
evolved. The hydrolysate was found t o smell s t r o n g l y of 
t e t r a l i n . 

A weighed sample of the s o l i d was hydrolysed w i t h 
s t r o n g h y d r o c h l o r i c a c i d then c a r e f u l l y made s t r o n g l y 
a l k a l i n e w i t h concentrated sodium hydroxide s o l u t i o n . The 
water and the diamine were pumped o f f i n t o a cooled t r a p 
and the diamine was t i t r a t e d w i t h normal h y d r o c h l o r i c a c i d 
using methyl red as i n d i c a t o r . An a n a l y s i s f o r b e r y l l i u m 
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was also c a r r i e d out on the product. 

Found: Be, 8.1$; MeN.C^.NMe, 76.5$. The r a t i o of 
Be t o MeN.C^.NMe i s t h e r e f o r e 0.106. The r a t i o of the 
atomic weight o f b e r y l l i u m t o the molecular weight of the 
group, MeN.C^.NMe, i s 0.105. The remaining 15.4$ of the 
product i s t e t r a l i n which can be sl o w l y removed between 
150 and 200° under a good vacuum. 

The product was found t o be i n s o l u b l e i n a l l the common . 
organic s o l v e n t s . I t r e a c t s r e a d i l y w i t h water l i b e r a t i n g 
the diamine w i t h an exothermic r e a c t i o n . 
Reaction of N,N,-dimethylethylenediamine w i t h d i m e t h y l b e r y l l i u m 

I n a p r e l i m i n a r y r e a c t i o n 73 N-c.c. of N,N,-dimethyl-
ethylenediamine were condensed on about 59 N-c.c. of d i -
m e t h y l b e r y l l i u m i n about 0,90 ml. of ether s o l u t i o n , cooled 
i n l i q u i d a i r i n a r e a c t i o n bulb on the vacuum l i n e . The 
bulb was then allowed t o warm up slow l y and as soon as the 
diamine melted a white c r y s t a l l i n e s o l i d was formed which 
dissolved as the temperature increased. Vigorous e f f e r v e s 
cence began j u s t below room temperature w i t h a h i g h l y 
exothermic r e a c t i o n and a white c r y s t a l l i n e s o l i d was pro
duced. The methane evolved was measured and found t o be 
60..9 N-c.c. 

I n a second r e a c t i o n about 150 N-c.c. of the N,N,-di-
methylethylenediamine were reacted w i t h 65 N-c.c. of d i -
m e t h y l b e r y l l i u m g i v i n g the white product and 64 N-c.c. of 
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methane togethe r w i t h about 85 N-c.c. of excess diamine. 
The product, on h y d r o l y s i s w i t h 2N.sulphuric a c i d , gave a 
f u r t h e r 60 N-c.c. of methane. 

A l a r g e r q u a n t i t y of the product was prepared from 0.012 
mole of d i m e t h y l b e r y l l i u m and a s l i g h t excess of N,N,-di-
methylethylenediamine i n d i e t h y l ether. The white compound 
obtained was found t o be q u i t e s oluble i n benzene and i t s 
molecular weight was t h e r e f o r e determined 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 . This gave M, 224, 222 i n 0.70, 0.47 wt.% 
s o l u t i o n s r corresponding t o degrees of a s s o c i a t i o n of 2.02, 
2.00 f o r O^H1]LN2.BeCH3. 

A sample of 0.2810g. of the compound was heated under 
a h i g h vacuum i n a r e a c t i o n b u l b . At about 115° i t began t o 
sublime s l o w l y on the cooler p a r t s of the b u l b , then began t o 
evolve methane s l o w l y at about 138°. At 170° i t melted w i t h 
vigorous e v o l u t i o n of gas forming some c o l o u r l e s s needles 
which melted again almost immediately w i t h f u r t h e r e f f e r v e s 
cence g i v i n g a viscous l i q u i d . This continued t o evolve gas 
slowly f o r a f u r t h e r l£ hours at 170°. The t o t a l q u a n t i t y 
of methane produced was found t o be 54.2 N-c.c. The expected 
amount of methane from 0.28lOg. of (Me 2N. C^H^.NH.BeMe)2 i s 
56.6 N-c.c., t h e r e f o r e 95.7$ of the expected amount was evolved. 
The viscous residue produced set t o a glassy s o l i d , on c o o l i n g 
t o room temperature, which i s only s p a r i n g l y s oluble i n benzene. 
Reaction of ethylenediamine w i t h d i m e t h y l b e r y l l i u m . 
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54 N-c.c. of d i m e t h y l b e r y l l i u m were cooled i n l i q u i d 
a i r i n a r e a c t i o n bulb on the vacuum apparatus and about 
200 N-c.c. of ethylenediamine were condensed on i t . The 
bulb was shut o f f from the r e s t of the apparatus then allowed 
t o warm up g r a d u a l l y . Vigorous effervescence occurred a t 
about -20°. The product was l e f t a t room temperature f o r 
about one hour then the methane evolved was measured. I t 
was found t h a t 90.6 N-c.c. of methane had been l i b e r a t e d at 
t h i s stage. However, on h e a t i n g the r e a c t i o n bulto t o 45° 
f o r h a l f an hour a f u r t h e r 10.9 N-c.c. of methane were 
c o l l e c t e d making a t o t a l of 101.5 N-c.c. of methane, or 94% 
of the expected q u a n t i t y i f 2 ntvls. were t o be e l i m i n a t e d 
from each mol. of d i m e t h y l b e r y l l i u m . The white amorphous . 
residue obtained was found t o be only s p a r i n g l y s o l u b l e i n 
benzene. On h y d r o l y s i s w i t h water i t gave 7.5 N-c.c. of 
methane. 
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A CHELATED OXYGEN COMPLEX OF DIMETHYLBERYLLIUM 

Dimethyl(1,2-dimethoxyethane)beryllium t MeOC2H^OMe.BeMe2. 
Prepared from 1,2-dimethoxyethane and d i m e t h y l b e r y l l i u m 

i n e t h e r s o l u t i o n , t h i s was p r e c i p i t a t e d as c o l o u r l e s s 
f e a t h e r y needles which were separated, pumped dry, and 
r e c r y s t a l l i z e d from e t h e r . The complex, m.p. 100-101°, 
sublimes at 60-70° (0.06 mm.) and condenses as c o l o u r l e s s 
g l i s t e n i n g prisms. 

Found: CH^, by h y d r o l y s i s , 23»l$j c r y o s c o p i c a l l y 
i n 0.37, 0.73 wt./o benzene s o l u t i o n s , 123, 125. CgH^BeOp 
re q u i r e s hydrolyzable CH^, 23.2$; M, 129. 

The complex soon inflames when exposed t o the a i r ( n o t 
irrmiediatelv l i l r e d t m e t h v l b e r v l l i u m ) . 



DISCUSSION 
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DISCUSSION 

Complexes of B e r y l l i u m Chloride w i t h Ethers and Thi o e t h e r s . 
One purpose o f t h i s i n v e s t i g a t i o n was t o f i n d p o s s i b l y 

u s e f u l s o l v e n t s f o r b e r y l l i u m c h l o r i d e . Two of the compounds 
stud i e d appear t o be u s e f u l i n t h i s respect, one being d i m e t h y l 
sulphide which has already been suggested as a solvent i n the 

(15) 
p r e p a r a t i o n of d i m e t h y l b e r y l l i u m , " due t o the f a c t t h a t i t 
i s a much weaker donor than d i e t h y l e ther, and the other being 
t e t r a h y d r o f u r a n which has found use i n these i n v e s t i g a t i o n s as 
a solvent i n the p r e p a r a t i o n of b i s ( b i p y r i d y l ) b e r y l l i u m . 
Although 1,2-dimethoxyethane does not d i s s o l v e b e r y l l i u m c h l o r i d e 
i t has been used i n the place of t e t r a h y d r o f u r a n as the r e a c t i o n 
medium f o r the p r e p a r a t i o n of b i s ( b i p y r i d y l ) b e r y l l i u m . 

Both d i c h l o r o ( b i s t e t r a h y d r o f u r a n ) b e r y l l i u m ^ • 3 X' and 1,2-
d i ( m e t h o x y ) e t h a n e ( d i c h l o r o ) b e r y l l i u m ^ have been r e p o r t e d 
w h i l e t h i s work was i n progress. However, the l a t t e r complex 
was described as Cl 2Be(MeOC 2HgOMe) 2, although the a n a l y s i s 
given f o r the compound corresponds t o Cl2Be(MeOC2H^OMe). 

The complexes formed by d i m e t h y l sulphide are of some 
i n t e r e s t . I t i s known t h a t d i m e t h y l sulphide does not co-

( 2 ) 

o r d i n a t e t o d i m e t h y l b e r y l l i u n r and i t has been suggested 
t h a t t h i s i s because the energy r e q u i r e d t o break down the 
polymeric s t r u c t u r e of d i m e t h y l b e r y l l i u m i s g r e a t e r than the 
energy of c o o r d i n a t i o n of t h i s l i g a n d t o monomeric dime t h y lberyDlian 
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Although the energy r e q u i r e d t o break down the polymeric 
s t r u c t u r e of b e r y l l i u m c h l o r i d e i s probably h i g h e r than t h a t 
f o r d i m e t h y l b e r y l l i u m , the energy of c o o r d i n a t i o n of d i m e t h y l 
sulphide t o monomeric b e r y l l i u m c h l o r i d e w i l l c e r t a i n l y be 
much g r e a t e r than t h a t t o d i m e t h y l b e r y l l i u m due t o the g r e a t e r 
e l e c t r o n e g a t i v i t y of the c h l o r i n e atoms over methyl groups, 
which makes the b e r y l l i u m atom a st r o n g e r acceptor i n b e r y l l i u m 
c h l o r i d e . The f a c t t h a t d i c h l o r o ( b i s d i m e t h y l s u l p h i d e ) b e r y I l i u m 
could be prepared shows t h a t the st r o n g e r acceptor p r o p e r t i e s 
of b e r y l l i u m i n b e r y l l i u m c h l o r i d e outweigh the g r e a t e r energy 
of p o l y m e r i s a t i o n o f b e r y l l i u m c h l o r i d e over d i m e t h y l b e r y l l i u m . 
However, i t i s c l e a r t h a t the sulphur i s not very s t r o n g l y 
coordinated t o the b e r y l l i u m atom even i n t h i s compound, since 
one molecule of d i m e t h y l sulphide can be removed at room temper
ature t o form d i - u - c h l o r o - d i c h l o r o - b i s ( d i m e t h y l s u l p h i d e ) d i -
b e r y l l i u m , (Me 2S.BeCl 2) 2. T n e p r e p a r a t i o n of t h i s c o o r d i n a t i o n 
compound from a toluene s o l u t i o n of d i c h l o r o ( b i s d i m e t h y l s u l p h i d e ) 
b e r y l l i u m by vacuum d i s t i l l a t i o n a t room temperature would appear 
t o i n d i c a t e t h a t the e q u i l i b r i u m shown below e x i s t s i n s o l u t i o n : 

2(Me 2S) 2BeCl 2 (Me 2S.BeCl 2) 2 + 2Me2S 

On pumping the s o l u t i o n the more v o l a t i l e d i m e t h y l sulphide 
would be removed more r a p i d l y than the toluene so t h a t the 
e q u i l i b r i u m would be con t i n u o u s l y d i s p l a c e d t o the r i g h t hand 
side f i n a l l y g i v i n g as the product d i - u - c h l o r o - d i c h l o r o b i s ( d i -
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methyl s u l p h i d e ) d i b e r y l l i u m . 
D i c h l o r o ( b i s d i m e t h y l s u l p h i d e ) b e r y l l i u m was shown t o be 

monomeric i n benzene s o l u t i o n and i t s s t r u c t u r e must t h e r e f o r e 
be s i m i l a r t o t h a t of the d i e t h y l ether c o o r d i n a t i o n compound 
of b e r y l l i u m c h l o r i d e . The other d i m e t h y l sulphide complex 
was found t o be diraeric i n benzene s o l u t i o n and the most l i k e l y 
s t r u c t u r e f o r t h i s i s one w i t h the b e r y l l i u m atoms j o i n e d through 
two c h l o r i n e b r i d g e s , as i n b e r y l l i u m c h l o r i d e i t s e l f , thus 
g i v i n g b e r y l l i u m a covalency of f o u r : 

Me~S 01 

Be 

Me„S CI 

D i c h l o r o ( b i s d i r a e t h y l s u l p h i d e ) b e r y l l i u m 

Me~S 01 CI v \/ 
Be \ / \ CI CI SMe 

D i - u - c h l o r o - d i c h l o r o b i s ( b i m e t h y l s u l p h i d e ) d i b e r y I l i u m 
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2 t 2 ' - B i p y r i d y l Complexes 

Complexes were prepared from b i p y r i d y l and var i o u s 
b e r y l l i u m compounds which had unexpected c o l o u r s . Those com
pounds on which u l t r a - v i o l e t and v i s i b l e a b s o r p t i o n s p e c t r a have 
been s t u d i e d are l i s t e d i n the t a b l e below: 

X i n Colour Xmax Molar e x t i n c t i o n 
Bipy Be X ? (mu.) c o e f f i c i e n t , X 10 

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 

I n the t a b l e only the l o n g wavelength a b s o r p t i o n band/is l i s t e d . 
A l l the complexes do have h i g h - i n t e n s i t y bands i n the 220-300 mp. 
r e g i o n , similar t o those of f r e e b i p y r i d y l (see Figures 5 and 6 ) . 
Considering the a b s o r p t i o n bands causing v i s i b l e c o l o u r , Figure 6 
shows a small decrease i n \max. and a marked decrease i n the 
molar e x t i n c t i o n c o e f f i c i e n t i n passing from the less t o the 
more e l e c t r o n e g a t i v e halogen. I n the case of the organo-com-
plexes s t u d i e d ( F i g u r e 5) both Xmax. and the molar e x t i n c t i o n 
c o e f f i c i e n t s decrease as the e l e c t r o n e g a t i v e character o f the 
organic group increases. The b i p y r i d y l complexes of d i - n - b u t y l -
b e r y l l i u m , d i - i s o - p r o p y l b e r y l l i u m , and bis(p_-dimethylaminophenyl) 
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b e r y l l i u m also appeared t o f i t i n t o t h i s sequence from t h e i r 
c o l o u r s , but they were f a r too unstable t o be i s o l a t e d so t h a t 
t h e i r u l t r a - v i o l e t and v i s i b l e a b s o r p t i o n s p e c t r a have not 
been s t u d i e d . 

I t can be seen from Figure 7 t h a t t h e r e i s some s i m i l a r i t y 
between the spectra of these b e r y l l i u m complexes and the 
spectrum of the b i p y r i d y l complex of the f e r r o u s i o n , (Fe b i p y ^ ) 
The c o l o u r of t h i s complex i o n i s regarded as being produced 
by e l e c t r o n t r a n s f e r from the 3 d - o r b i t a l s of the i r o n atom t o 
the lowest unoccupied molecular o r b i t a l of the b i p y r i d y l molecul 

The observations on the b e r y l l i u m complexes are probably 
best explained by assuming t h a t the colours are due t o an 
e l e c t r o n t r a n s f e r . However, since there are no d-electrons on 
the b e r y l l i u m atom, i t seems t h a t an e l e c t r o n t r a n s f e r must 
occur from one of the Be-X bonds t o the lowest unoccupied mole
c u l a r o r b i t a l of the b i p y r i d y l . I n the e x c i t e d s t a t e of the 
complex the Be-X bonds would thus be a c t i n g as e l e c t r o n donors, 
and t h e i r donor character would c l e a r l y be g r e a t e r i f the 
e l e c t r o n s i n the bonds were r e l a t i v e l y l o o s e l y h e l d , as i s 
probable i n the B e - a l k y l bond, than i f the bonding were s t r o n g , 
as i t probably i s i n the Be-Cl bond. A decrease i n the e l e c t r o 
n e g a t i v i t y of X should increase the molar e x t i n c t i o n c o e f f i c i e n t 
as was observed, since i t would increase the s i z e of the 
b e r y l l i u m o r b i t a l s and hence the extent of t h e i r overlap w i t h 
the i c r - o r b i t a l s of the b i p y r i d y l . This e f f e c t i s e s s e n t i a l l y 
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s i m i l a r t o the back-donation of electrons w e l l known i n c a r b o n y l , 
phosphine, as w e l l as b i p y r i d y l complexes of t r a n s i t i o n metals, 
only i n the case of the b e r y l l i u m complexes the a b s o r p t i o n of 
a quantum of v i s i b l e l i g h t (about 64-80 k c a l . mole"^") i s necessary 
f o r such an e l e c t r o n t r a n s f e r t o occur. Assuming t h a t i n the 
e x c i t e d s t a t e a b e r y l l i u m - c a r b o n bond has become a one-electron 
bond or h a l f bond, chemical decomposition would not n e c e s s a r i l y 
r e s u l t since b e r y l l i u m - c a r b o n h a l f bonds can have some s t a b i l i t y . 
I n the d i m e t h y l b e r y l l i u m polymer a l l the b e r y l l i u m - c a r b o n bonds 
are represented as h a l f bonds i n the g e n e r a l l y accepted e x p l a n a t i o i 
of i t s s t r u c t u r e d 

I t i s pos s i b l e t h a t i n the h a l i d e complexes the e l e c t r o n 
source i s one of the non-bonding atomic o r b i t a l s of the halogen 
atom, but i n the organo-coaplexes the Be=C bond seems t o be 
the only l i k e l y e l e c t r o n source. Por example, i n the d i m e t h y l 
complex the only o t h e r e l e c t r o n s are those i n the o r b i t a l s 
forming the C-H bonds of the methyl groups. 

S i m i l a r e l e c t r o n i c t r a n s i t i o n s have been suggested as the 
o r i g i n of the co l o u r s of a number of decaborane d e r i v a t i v e s . 
Por example, the i n t r o d u c t i o n o f e l e c t r o n a t t r a c t i n g s u b s t i t u e n t s 
i n the p y r i d i n e r i n g s of B i o % 2 ^ 2 c o mP-'- e x e s deepens t h e i r 
c o l o u r s ^ 0 ̂  

D i e t h y l b e r y l l i u m forms a b i s p y r i d i n e complex, pygBeEtg, 
orange-yellow i n c o l o u r and monomeric i n benzene s o l u t i o n l i k e 
i t s red b i p y r i d y l analogue, but the b i s p y r i d i n e complex o f 
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d i m e t h y l b e r y l l i u m i s white i n c o l o u r , t h e r e f o r e i t seems 
l i k e l y t h a t a s i m i l a r e f f e c t operates i n these complexes 
causing a c o l o u r change w i t h v a r i a t i o n of e l e c t r o n e g a t i v i t y 
of the group on the b e r y l l i u m and probably i n v o l v i n g the same 
type of e l e c t r o n t r a n s f e r , i n t h i s case t o the lowest unoccupied 
molecular o r b i t a l of p y r i d i n e i n s t e a d of b i p y r i d y l . 

P y r i d i n e appears t o act as a strong e r donor than t r i -
methylamine towards d i m e t h y l b e r y l l i u m and d i e t h y l b e r y l l i u m , 
since t r i m e t h y l a m i n e forms only raono-amine complexes, (Me^N) 
BeMe 2^ 2^ and (Me^NjBeEt^"^, as the only s t a b l e complexes a t 
room temperature. I n f a c t f o r d i e t h y l b e r y l l i u m the mono-amine 
complex i s the only stable complex above -40°. 

Coloured complexes were formed w i t h b i p y r i d y l by s e v e r a l 
organic d e r i v a t i v e s of Group I I elements =, With d i e t h y l -
magnesium a deep red s o l u t i o n was obtained i n ether when b i p y r i d y l 
was added t o i t , but the complex was too unstable t o be 
i s o l a t e d , and formed a red-brown t a r r y m a t e r i a l when attempts 
were made to i s o l a t e the complex. B i p y r i d y l and d i p h e n y l -
magnesium gave an immediate orange-yellow p r e c i p i t a t e , which 
turned chocolate brown i n about t e n minutes at room temperature. 
These decompositions may i n v o l v e a t t a c k of the b i p y r i d y l a t 
the C-N double bond since organomagnesium compounds are h i g h l y 
r e a c t i v e , and Grignard reagents add t o p y r i d i n e i n t h i s way 
g i v i n g , f o r example, 2 - a r y l p y r i d i n e s by a d d i t i o n a t the C-N bond. 

The l e s s r e a c t i v e d i m e t h y l d e r i v a t i v e s o f the Group I I B 



- 79 -

elements form an i n t e r e s t i n g sequence i n t h e i r behaviour w i t h 
b i p y r i d y l . Diraethylzinc gave a b r i g h t y e l l o w complex, b i p y Zn 
Me 2, from which the d i m e t h y l z i n c cannot be removed by pumping 
at room temperature. Diraethylcadmium formed an unstable y e l l o w 
complex, which has an appreciable d i s s o c i a t i o n pressure a t 
room temperature since prolonged pumping leaves only c o l o u r l e s s 
b i p y r i d y l . Dimethylmercury d i s s o l v e s i n a s o l u t i o n of b i p y r i d y l 
i n e ther w i t h o u t c o l o u r change and the dimethylraercury can 
r a p i d l y be removed by pumping a t room temperature which seems t o 
show t h a t no complex i s formed. 

As expected by analogy w i t h the b e r y l l i u m compounds, 
bi p y Zn E t 2 has a deeper co l o u r (orange-red) than the d i m e t h y l 
complex; i t i s also much more r a p i d l y decomposed i n the a i r , 
a marked d i f f e r e n c e which was not apparent i n the b e r y l l i u m 
compounds. The only d i a l k y l z i n c complexes p r e v i o u s l y described 
are the unstable t e t r a h y d r o f u r a n c o m p l e x ^ ^ , corresponding 
approximately t o 2Me2Zn.3C^HgO, and the a n i o n i c complexes 
e x e m p l i f i e d by LigZzflle^.EtgO* 6 1 ? 
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B i p y r i d y l Anion Complexes 

The l i t h i u m s a l t of the b i p y r i d y l anion, L i bipy, and the 

green d i l i t h i u m d e r i v a t i v e , L i g hipy, have been used i n the 

p r e p a r a t i o n of b i p y r i d y l compounds of t r a n s i t i o n metals i n 

low v a l e n c y s t a t e s , such as the compounds of ti t a n i u m ( O ) 

and t i t a n i u m ( - l ) ^ 5 5 ^ , v i z . b i p y ^ T i and L i C b i p y ^ T i ] , By the 

r e a c t i o n between l i t h i u m - b i p y r i d y l and b e r y l l i u m c h l o r i d e i n 

d i e t h y l e t h e r , or the r e a c t i o n between the d i l i t h i u m d e r i v a t i v e 

of b i p y r i d y l and a suspension of d i c h l o r o ( b i p y r i d y l J b e r y l M u m 

i n t e t r a h y d r o f u r a n or i n 1,2-dimethoxyethane, the deep green 

b i s ( b i p y r i d y l ) b e r y l l i u m i s formed i n s o l u t i o n . 

The compound b i p y 2 B e , whose colour i s due to the t a i l of 

a v e r y i n t e n s e broad a b s o r p t i o n band ( X_„ v = 801 mu.; th e r e 

i s another band w i t h a maximum a t 899 mji,), could be form

u l a t e d as a b i p y r i d y l complex of b e r y l l i u m ( O ) i n which the 

b e r y l l i u m would presumably have two e l e c t r o n s i n the 2s l e v e l , 

or as a b i s ( b i p y r i d y l - ) complex of the b e r y l l i u m ( I I ) c a t i o n . 

The v a l u e s of 2.05 and 2.15 B.M. f o r the room temperature 

s u s c e p t i b i l i t i e s of two specimens of t h i s compound, a f t e r 

diamagnetic c o r r e c t i o n s had been made, were found. Though 
2+ 

the f o r m u l a t i o n as ( b i p y ) 2Be would imply a magnetic moment 

of 2.8 - 2.9 B.M., the r a t h e r lower observed paramagnetism 

excludes the f o r m u l a t i o n as a b e r y l l i u m ( O ) complex s i n c e t h i s 

should be diaraagnetic. The d i f f e r e n c e between the observed 

magnetic moment and t h a t expected f o r a complex c o n t a i n i n g 
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two b i p y r i d y l anions, each w i t h a s i n g l e unpaired e l e c t r o n , 

could be due to at l e a s t two p o s s i b l e e f f e c t s . I n the f i r s t 

p l a c e some decomposition i n t o diamagnetic products could have 

occurred i n the i n t e r v a l between the p r e p a r a t i o n of the compound 

and the magnetic measurements being c a r r i e d out a t U n i v e r s i t y 

C o l l e g e , London. A l t e r n a t i v e l y t h e r e may be an e q u i l i b r i u m 

w i t h the diamagnetic complex [ ( b i p y ) ( b i p y )Be ] . To t r y 

to e l i m i n a t e the f i r s t p o s s i b i l i t y the specimens were cooled to 

-78° immediately a f t e r they were prepared and s e a l e d i n the 

Gouy tubes, and kept at t h i s temperature u n t i l immediately 

before t h e i r magnetic s u s c e p t i b i l i t i e s were measured. F u r t h e r , 

t h e r e was i n s i g n i f i c a n t change i n the measured v a l u e s of 2.05 

and 2.15 B.M. a f t e r the specimens had remained a t room temperature 

f o r two weeks. 

An e q u i l i b r i u m such a s : 

( b i p y " ) 2 B e 2 + ^ N [ ( b i p y 2 " ) ( b i p y 0 ) B e 2 + ] 

would very probably be temperature-dependent, but the v a r i a t i o n 

of magnetic s u s c e p t i b i l i t y w ith temperature was not i n v e s t i g a t e d . 

By r e a c t i o n w i t h l i t h i u m , b i s ( b i p y r i d y l ) b e r y l l i u m gave a 

very deep v i o l e t s o l u t i o n i n e t h e r from which the bl a c k product, 

L i C b i p y g B e ] , was i s o l a t e d . The p r o p e r t i e s of t h i s compound 

have not been s t u d i e d i n d e t a i l , but P r o f e s s o r Nyholm and Dr. 

Pande r e p o r t t h a t i t i s weakly paramagnetic. 
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These b e r y l l i u m complexes e v i d e n t l y d i f f e r from the 

b i p y r i d y l complexes of t r a n s i t i o n metals i n low v a l e n c y s t a t e s . 

The t r a n s i t i o n metal compounds are regarded as complexes of 

n e u t r a l b i p y r i d y l w i t h the metals i n t h e i r zero o x i d a t i o n l e v e l 
(62 

i n order to e x p l a i n , f o r example, the diamagnetism of b i p y ^ T i v 

The d i f f e r e n t f o r m u l a t i o n of the b e r y l l i u m compounds as 

d e r i v a t i v e s of the b i p y r i d y l anion i s supported not only by 

magnetic evidence but a l s o by t h e i r very i n t e n s e c o l o u r s ; t h e i r 

c o l o u r s are as i n t e n s e as those of hydrocarbon anions ( e . g . i n 

solium-naphthalene), u n l i k e the t r a n s i t i o n metal compounds which 

have d i s t i n c t l y weaker c o l o u r s . 
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Complexes of B e r y l l i u m w i t h A l i p h a t i c Chelate Donor Groups 

Di m e t h y l b e r y l l i u m forms w i t h trimethylamine a 1:1 complex 

which does not n o t i c e a b l y d i s s o c i a t e up to 180°, and an un s t a b l e 

2:3 complex, (MegBe^(NMe^)^, which r e a d i l y l o s e s a mol. of 
( 2 ) 

t r i m e t h y l a m i n e x . The f a i l u r e to prepare a bisamine complex 

Me2Be(NMe i s s u r p r i s i n g , p a r t i c u l a r l y s i n c e an u n s t a b l e 

bisphosphine complex, Me 2Be(FMe^) 2 was obtained. The non-

formation of MegBeCNMe^g must be due to an entropy r a t h e r 

than a s t e r i c e f f e c t s i n c e we have been able to prepare a 1:1 

complex w i t h N,N,W,N'-tetramethylethylenediamine: 

CH, Me 

CH, NMe 

Me 

T h i s compound i s about 10$ a s s o c i a t e d i n benzene s o l u t i o n ; 

some a s s o c i a t i o n would be expected s i n c e t h i s compound no doubt 

has a l a r g e d i p o l e moment. 

I n c o n t r a s t to dimethyl- and d i e t h y l - e t h e r , which form 

un s t a b l e complexes w i t h high d i s s o c i a t i o n p r e s s u r e s a t room 
(2) 

temperature x ', the c h e l a t i n g d i e t h e r 1,2-dimethoxyethane forms 

a w e l l defined complex, Me2Be(MeOC2H^OMe), which may be 

c r y s t a l l i z e d from d i e t h y l e t h e r . I t i s , however, more r e a c t i v e 

to the atmosphere than the diamine complex. I t i s monomeric 
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i n benzene and i t s d i s s o c i a t i o n p r e s s u r e must be v e r y s m a l l 

s i n c e i t sublimes unchanged at 60-70° at 0.06 mm. p r e s s u r e . 

Since the dimethylamine complex, MegBe.NHNteg, l o s e s a 

mol. of methane when i t i s melted (44°) and forms a t r i m e r ^ ^ 

(MeBeNMegJy the d i m e t h y l b e r y l l i u m complexes of e t h y l e n e -

diamines c o n t a i n i n g r e a c t i v e amino-hydrogen atoms were s t u d i e d 

to observe the a s s o c i a t i o n or p o l y m e r i s a t i o n by which the co-

o r d i n a t i v e u n s a t u r a t i o n of the b e r y l l i u m i s r e l i e v e d i n these 

types of compounds when methane i s e l i m i n a t e d . N,N,N'-tri-

methylethylenediamine forms a complex, which i s probably t h a t 

shown below, which l o s e s a mol. of methane j u s t below room 

temperature forming a dimer: 

CH 

— fieHN r u Me 

/ Y 

Me 

'Mi 

— NMc, , 

CN Z NM<^ ^NMe-

M ( NMej CH Z 

•CH, 

Ethylenediamines w i t h two or more amino-hydrogen atoms give 

polymeric products by e l i m i n a t i o n of two mols. of methane, 

but i n t e r m e d i a t e s which were dir a e r i c were i s o l a t e d i n r e a c t i o n s 

w i t h both symmetrical and unsymmetrical dimethylethylenediamine 

a f t e r e l i m i n a t i o n of only one mol. of methane. Thus methane 

( 1 mol.) i s evolved from a f r o z e n mixture of N,N'-dimethyl-
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ethylenediamine and d i m e t h y l b e r y l l i u m i n e t h e r , as soon 

as the r e a c t a n t s melt. The product sublimes s l o w l y i n a 

vacuum a t 90°, and a t 145° suddenly decomposes w i t h e v o l u t i o n 

as methane of f o u r - f i f t h s of the remaining methyl bound 

to b e r y l l i u m : 

CH, •CH, 

Me. N Mt ) NMtH 

CH. 

N Mi 

CM-

'Me 

CH- -CH5 

i 
NMe NMe 

•CH, 

F r e e z i n g of the r e s u l t i n g polymer could account f o r a 

pr o p o r t i o n of Me-Be groups not r e a c t i n g w i t h NH groups, 

s i n c e i t was found t h a t a l l the Me-Be groups were e l i m i n a t e d 

by h e a t i n g a s o l u t i o n of the dimer i n t e t r a l i n to 150°. The 

polymer i s i n s o l u b l e i n a l l the common organic s o l v e n t s but 

r e a c t s r a p i d l y and e x o t h e r m i c a l l y w i t h water to form b e r y l l i u m 

hydroxide and the diamine. 

The unsymmetrical diamine, I/tegNGgH^NHg, r e a c t e d w i t h 

d i m e t h y l b e r y l l i u m e v o l v i n g one mol. of methane and forming a 
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d i m e r i c product which i s probably s i m i l a r t o those a l r e a d y 

d e s c r i b e d . On h e a t i n g the dimer f o r some time a t 170° t h i s 

evolved almost one mol. of methane and on c o o l i n g gave a 

g l a s s y s o l i d which i s probably polymeric. 

Ethylenediamine i t s e l f l i b e r a t e d about 80$ of the t o t a l 

methyl from d i m e t h y l b e r y I l i u m a t room temperature w i t h 

formation of a white amorphous e v i d e n t l y polymeric m a t e r i a l . 

About 6$ of the methyl groups were r e t a i n e d even a f t e r h e a t i n g 

a t 4-5° f o r some time, and are r e l e a s e d on h y d r o l y s i s w i t h 

water or aqueous a c i d s . 
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APPENDIX 

1. S t u d i e s on Dime thy l b e r y l M u m r t rime thylamine 

I n t r o d u c t i o n . Dimethylberyllium-trimethylamine was p r e v i o u s l y 

prepared on a s m a l l s c a l e by the d i r e c t r e a c t i o n of dimethyl-
(2) 

b e r y l l i u m and t r i m e t h y l a m i n e v . I t forms c o l o u r l e s s rhombic 

c r y s t a l s , m.p. 36°, and r e a c t s v i g o r o u s l y w i t h a i r and moisture. 

Measurements of i t s vapour p r e s s u r e have been made i n the 

range 26° - 140°, and molecular weights have been c a l c u l a t e d 

from measurements of the temperature and p r e s s u r e of a known 

weight of i t s vapour i n a high-temperature bulb. The molecular 

weights corresponded to degrees of a s s o c i a t i o n of 1.073, 1.065, 

1.056, 1.040, and 1.024 a t 150°, 155°, 160°, 170°, and 180° 

r e s p e c t i v e l y . These measurements l e d to the suggestion t h a t 

the compound i s probably a s s o c i a t e d i n the s o l i d and l i q u i d 

s t a t e s . I n order to examine t h i s p o s s i b i l i t y f u r t h e r , molecular 

weights i n benzene s o l u t i o n have been measured i n t h i s work. 

The r e a c t i o n of d i m 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 w i t h 

methylamine has been i n v e s t i g a t e d , s i n c e t h e r e seemed to be 

the i n t e r e s t i n g p o s s i b i l i t y t h a t i f two mols. of methane could 

be e l i m i n a t e d a compound (Me^l^.Be'NMe^ might be obtained, 

which could have a s t r u c t u r e analogous to the borazoles or to 
(6 ̂ ) 

the t e t r a m e r i c borazynes^ . I n f a c t i t was found t h a t 

trimethylamine i s l o s t on r e a c t i o n , t h e r e f o r e the r e a c t i o n 
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between d i m e t h y l b e r y l l i u m - p y r i d i n e and a n i l i n e was s t u d i e d , 

s i n c e p y r i d i n e i s a st r o n g e r donor than trimethylamine to 

d i m e t h y l b e r y l l i u m and may be l o s t l e s s e a s i l y . 

P r e p a r a t i o n of Dimethylberyllium-trimethylamine 

A 2.1 M. s o l u t i o n of m e t h y l - l i t h i u m was prepared by 

r e a c t i o n of methyl bromide and l i t h i u m shot i n d i e t h y l e t h e r 

(91.7* y i e l d ) . 

202 ml. of t h i s s o l u t i o n c o n t a i n i n g 0.424 mole of methyl-

l i t h i u m were added s l o w l y w i t h s t i r r i n g to 17.05g. of b e r y l l i u m 

c h l o r i d e (0.212 mole) d i s s o l v e d i n 210 mi. of d i e t h y l e t h e r . 

The r e a c t i o n was s l i g h t l y exothermic and the r a t e of a d d i t i o n 

was a d j u s t e d so t h a t the ether r e f l u x e d g e n t l y . The white 

p r e c i p i t a t e of l i t h i u m c h l o r i d e was allowed to s e t t l e , then 

the c l e a r s o l u t i o n of d i m e t h y l b e r y l l i u m was decanted off.. 

About 140 ml. of e t h e r were d i s t i l l e d o f f to reduce the volume 

of s o l u t i o n , then the s o l u t i o n was cooled to -60° and 20.4g. 

of trimethylamine (0.345 mole) i n 60 ml. of e t h e r were added. 

The excess trimethylamine and about t w o - t h i r d s of the e t h e r 

were pumped of f a t room temperature, then the remaining e t h e r 

was pumped o f f through a f l a s k cooled to -35° to c o l l e c t any 

of the product which came over. F i n a l l y the product was 

d i s t i l l e d under vacuum a t 40° i n t o a f l a s k cooled i n l i q u i d 

a i r . The l a s t t r a c e s of ether were removed by pumping the 

product f o r a few minutes a t 30°. 
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The dimethylberyllium-trimethylamine was obtained as 

c o l o u r l e s s rhombic c r y s t a l s m e l t i n g at 36°. ( Y i e l d : 65$). 

Molecular Weight Measurements 

0.5130g. of dimethy l b e r y l l i u m - t r i m e t h y l a m i n e was d i s s o l v e d 

i n 25 ml. of benzene and samples of t h i s s o l u t i o n , d i l u t e d 

w i t h benzene, were used to measure i t s molecular weight c r y o -

s c o p i c a l l y . 

Pound: M, 117.0, 115.5, 114.9 i n 2.05, 1.03, 0.51 wt. £ 

s o l u t i o n s . These v a l u e s correspond to degrees of a s s o c i a t i o n 

of 1.19, 1.18, 1.17 f o r Me2Be.NMe3. 

Re a c t i o n of Dimethylberyllium-trimethylamine w i t h Methylamine 

I n a p r e l i m i n a r y experiment O.llOg. of d i m e t h y l b e r y l l i u m -

trimethylamine (0.00112 mole) was sublimed i n t o a r e a c t i o n tube 

and 22.95 N-c.c. of methylamine (0.00102 mole) were condensed 

on i t . The tube was s e a l e d o f f and on warming up the methylamine 

melted (-95°) and began to r e a c t w i t h the d i m e t h y l b e r y l l i u m -

trimethylamine immediately. The r e a c t i o n became more vigorous 

and a t about room temperature very vigorous e v o l u t i o n of gas 

occurred. The r e a c t i o n tube was then heated to 70° when only 

v e r y s l i g h t e f f e r v e s c e n c e was observed and on h e a t i n g to 100° 

f o r t h i r t y minutes no f u r t h e r change was apparent. 

The tube was opened on the vacuum apparatus and the non-

condensable gas, i d e n t i f i e d by i t s i n f r a - r e d spectrum as methane, 

was measured and found to be 24.3 N-c.c. A condensable gas 
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present was measured (17.4 N - c . c ) , and i t s i n f r a - r e d spectrum 

showed i t was trimethylamine c o n t a i n i n g no methylamine. A 

t r a c e of unreacted dimethylberyllium-trimethylamine was sublimed 

out of the tube. 

The amorphous i n v o l a t i l e white product was hydrolysed 

w i t h water g i v i n g 17.0 N-c.c. of methane. 

A s i m i l a r r e a c t i o n was then c a r r i e d out i n a f l a s k 

a t t a c h e d to the vacuum apparatus. 0.5454g. (125 N-c.c.) of 

dimethylberyllium-trimethylamine was placed i n the f l a s k , and 

125 N-c 5c. of methylamine were condensed i n t o the f l a s k cooled 

i n l i q u i d a i r . On a l l o w i n g i t to warm up, s l i g h t e f f e r v e s c e n c e 

began soon a f t e r the methylamine had melted. T h i s became more 

vigorous and the r e a c t i o n was c o n t r o l l e d by c o o l i n g the f l a s k 

o c c a s i o n a l l y . When no f u r t h e r r e a c t i o n occurred at room temp

e r a t u r e (20°)the methane produced was measured and found to be 

127.5 N-c.c. The condensable gas present was t r a n s f e r r e d to 

the measuring bulbs and found to be 95 N-c.c. of trimethylamine, 

i d e n t i f i e d by i t s i n f r a - r e d spectrum. F i n a l l y 0.1052g. 

(24.1 N-c.c.) of unreacted d i m 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 

was sublimed from the product i n t o a weighed t r a p . 

The product was an i n v o l a t i l e white s o l i d which gave 

73.5 N-c.c. of methane on h y d r o l y s i s w i t h water. Therefore 

the 100.9 N-c.c. of d i m 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 which had 

r e a c t e d gave a t o t a l of 201.0 N-c.c. of methane from the r e a c t i o n 



- 91 -

w i t h methylamine and the h y d r o l y s i s of the f i n a l product. 

T h i s r e a c t i o n w i t h methylamine was repeated to o b t a i n and 

study the white s o l i d product of the r e a c t i o n . I t was found 

t h a t over h a l f of t h i s product was s o l u b l e i n toluene, and i t 

was t h e r e f o r e e x t r a c t e d w i t h t h i s s o l v e n t . The molecular weight 

of the toluene s o l u b l e p a r t was determined 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 , and i t was a n a l y s e d f o r h y d r o l y s a b l e methyl 

groups by h y d r o l y s i s w i t h 2N. s u l p h u r i c a c i d and measurement 

of the methane produced. 

Pound: M, 323, 346, 318, i n 0.64, 0.64 0.32 wt. <f= 

s o l u t i o n s ; 0.0642g. gave 23.0 N-c.c. of methane on h y d r o l y s i s . 

Me.Be.NHMe would r e q u i r e M, 54; 26.6 N-c.c. of methane. 

The product which was i n s o l u b l e i n toluene gave only s l i g h t 

e f f e r v e s c e n c e when hydrolysed w i t h 2N= s u l p h u r i c a c i d s 

R e a c t i o n of D i m e t h y l b e r y l l i u m - p y r i d i n e with A n i l i n e 

A n i l i n e was used i n t h i s r e a c t i o n i n s t e a d of methylamine 

s i n c e i t probably r e a c t s more r e a d i l y than the l a t t e r to give 

methane i n t h i s type of r e a c t i o n . 

To a s o l u t i o n of 0.0175 mole (391.8 N-c.c.) of dimethyl

b e r y l l i u m i n 6 ml. of ether was added 1.38g. (0.0175 mole) of 

p y r i d i n e i n 15 ml. of e t h e r . 1.63g. (0.0175 mole) of a n i l i n e 

i n 15 ml. of ether was then added dropwise when methane was 

evolved r e a d i l y . As the gas was produced a white amorphous 

p r e c i p i t a t e began to appear. When the r e a c t i o n had ceased 
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about 540 N-c.c. of methane had been evolved. The product 

was f i l t e r e d o f f and d r i e d ( Y i e l d : 1.75g.). 

A weighed sample of t h i s product (0.1900g.) was heated i n 

a f l a s k on the vacuum apparatus to 180° u n t i l e v o l u t i o n of gas 

had ceased. I t was found t h a t 5.7 N-c.c. of methane had been 

c o l l e c t e d , and a t r a c e of p y r i d i n e had d i s t i l l e d o f f ( i d e n t i f i e d 

by i t s i n f r a - r e d spectrum). The white r e s i d u e (0.1482g.) 

appeared to c o n t a i n no p y r i d i n e from i t s i n f r a - r e d spectrum, 

and i t was i n s o l u b l e i n benzene. 

D i s c u s s i o n 

The molecular weights found f o r d i m e t h y l b e r y l l i u m - t r i m e t h y l -

amine i n benzene s o l u t i o n show i t to be s l i g h t l y more a s s o c i a t e d 

than i t i s i n the vapour i n the 150-180° reg i o n , and t h i s 

a p p r e c i a b l e a s s o c i a t i o n supports the suggestion t h a t i t may be 
( 2 ) 

dimeric i n the s o l i d and l i q u i d s t a t e s . 

I n i t s r e a c t i o n w i t h methylamine i t i s evident t h a t the 

trimethylamine i s very r e a d i l y d i s p l a c e d , t h e r e f o r e the r e a c t i o n 

i s v e r y s i m i l a r to the d i r e c t r e a c t i o n between d i m e t h y l b e r y l l i u m 

and m e t h y l a m i n e . H o w e v e r , i n the l a t t e r r e a c t i o n only one 

mol.of methane i s e l i m i n a t e d r e a d i l y , whereas i n the r e a c t i o n 

i n v o l v i n g d i methylberyllium-trimethylamine about 1.26 mols. of 

methane were evolved a t room temperature. The a n a l y s i s of the 

toluene s o l u b l e p a r t of the product shows t h a t i t does not qui t e 

correspond to Me.Be.NHMe, and i t i s l i k e l y t h a t the i n s o l u b l e 



p a r t of the r e a c t i o n product i s a more polymeric m a t e r i a l i n 

which there are more Be-N bonds, s i n c e i t g i v e s v e r y l i t t l e 

methane on h y d r o l y s i s . 

The r e a c t i o n between d i m e t h y l b e r y l l i u m - p y r i d i n e and a n i l i n e 

appears to f o l l o w a s i m i l a r course, i n t h a t most of the p y r i d i n e 

i s e a s i l y d i s p l a c e d together w i t h about 1.4- mols. of methane. 

The r e a c t i o n product i s probably polymeric s i n c e i t i s i n v o l a t i l e , 

and i n s o l u b l e i n both e t h e r and benzene. 



- 94 -

2. The R e a c t i o n of Dimethyrberyllium w i t h Diisopropylamine 

I n t r o d u c t i o n . T h i s r e a c t i o n has "been s t u d i e d i n order to 

i n v e s t i g a t e the c o o r d i n a t i o n compound formed, and i n order to 

t r y to prepare b i s ( d i i s o p r o p y l a m i n o ) b e r y l l i u r a . The Dafcter com

pound would be of some i n t e r e s t s i n c e i t has r e c e n t l y been 

found t h a t the corresponding aluminium compound, t r i s ( d i i s o -

propylamino)aluminium, i s monomeric i n benzene s o l u t i o n , 

presumably because the i s o p r o p y l groups s t e r i c a l l y h i n d e r any 

a s s o c i a t i o n ^ °^ ̂ . 

Experimental 

106 N-c.c. of diisopropylamine were condensed on 44 N-c.c. 

of d i r a e t h y l b e r y l l i u m cooled i n l i q u i d a i r . On a l l o w i n g the 

mixture to warm up to room temperature the diisopropylamine 

melted and d i s s o l v e d the d i m e t h y l b e r y l l i u m g i v i n g a c o l o u r l e s s 

s o l u t i o n , w i t h no e v o l u t i o n of methane. The e x c e s s d i i s o p r o 

pylamine was d i s t i l l e d o f f a t room temperature and measured 

(60 N - c . c . ) . The l i q u i d product, which f r e e z e s a t about 13-14°, 

i s t h e r e f o r e the 1:1 c o o r d i n a t i o n compound. T h i s was prepared 

on a l a r g e r s c a l e and i t s molecular weight was determined 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 . 

Pound: M, 156, 152, i n 0.98, 0.49 wt. # s o l u t i o n s . These 

correspond to degrees of a s s o c i a t i o n of 1.11, 1.09> f o r 

Me 2Be.NHi-Pr 2. 

The compound fumes s t r o n g l y i n a i r and i s hydrolysed 

v i g o r o u s l y by water g i v i n g methane. On h e a t i n g to 100° f o r 
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t h i r t y minutes with excess diisopropylamine i t gives only 
about one-eighth of the expected methane. For example, 104 N-c. 
of dimethylberyllium w i t h about 310 N-c.c. of diisopropylamine 
gave, on heating f o r t h i r t y minutes at about 100°, 25 .5 N-c.c. 
of methane. Hydrolysis of the remaining s o l u t i o n gave 182 N-c.c 
of methane, as expected. 

I n order to carry t h i s e l imination of methane as f a r as 
possible a s o l u t i o n of 455 N-c.c. of dimethylberyllium i n 50 ml. 
of diisopropylamine was refluxed f o r a long time. For about 
six days very slow evolution of methane was observed, then f o r 
a f u r t h e r three days no gas was produced and the s o l u t i o n became 
pale brown i n colour. Excess diisopropylamine was pumped o f f 
u n t i l the volume of s o l u t i o n was 15 ml., then a 1 .8 ml. sample 
was removed and hydrolysed with 2N sulphuric acid g i v i n g 
31.0 N-c.c. of methane. Thus the whole of the product would 
give about 240 N-c.c. of methane on hydrolysis, which shows 
that only about 1.5 mols. of methane have been eliminated by 
heating with diisopropylamine. 
Discussion 

This reaction i s another example showing that dimethyl
beryllium tends to form a stable coordination compound w i t h 
only one molecule of an alkylamine as was found also with both 
trimethylamine^^ and dimethylaminel^^ 

The d i f f i c u l t y of removing methyl groups as methane i n t h i s 
reaction i s probably due to the fa c t that the amino-hydrogen 
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atom i n diisopropylamine i s not s u f f i c i e n t l y "acidic" because 
of the small electron withdrawing e f f e c t of isopropyl groups 
compared, f o r example, to the methyl groups i n dimethylamine, 
(dimethylberyllium-dimethylamine loses one mol. of methane 
very r a p i d l y at 44°)• I f the e l i m i n a t i o n of methane i n t h i s 
type of reaction i s inter-molecular i t may also be s t e r i c a l l y 
hindered by the isopropyl groups. I n view of t h i s d i f f i c u l t y 
i t seems that the preparation of bis(diisopropylamino)beryllium 
would be better attempted by the reaction of l i t h i u m d i i s opro-
pylaraide w i t h beryllium chloride. 
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