
Durham E-Theses

Organic and hydride chemistry of magnesium: 1
tetrameric methylzinc methoxide,2 dimeric

methyl(diphenylamino)zinc,3 tetrameric methylzinc
acetoximate

Heslop. J. A.,

How to cite:

Heslop. J. A., (1967) Organic and hydride chemistry of magnesium: 1 tetrameric methylzinc methoxide,2
dimeric methyl(diphenylamino)zinc,3 tetrameric methylzinc acetoximate, Durham theses, Durham
University. Available at Durham E-Theses Online: http://etheses.dur.ac.uk/8524/

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-pro�t purposes provided that:

• a full bibliographic reference is made to the original source

• a link is made to the metadata record in Durham E-Theses

• the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

http://www.dur.ac.uk
http://etheses.dur.ac.uk/8524/
 http://etheses.dur.ac.uk/8524/ 
htt://etheses.dur.ac.uk/policies/


Academic Support O�ce, Durham University, University O�ce, Old Elvet, Durham DH1 3HP
e-mail: e-theses.admin@dur.ac.uk Tel: +44 0191 334 6107

http://etheses.dur.ac.uk

2

http://etheses.dur.ac.uk


ORGANIC AND HYDRIDE 

CHEMISTRY 

OF 

MAGNESIUM 

by 

J.A. HESLOP, B.Sc. 

A t h e s i s submitted f o r the Degree of Doctor of Philosophy i n the 

U n i v e r s i t y of Durham. 

Ju l y 1967. 



Acknowledgements. 

The author wishes t o express h i s sincere thanks t o Professor 

G.E. Coates, M.A., D.Sc., F.R.I.C., under whose supervision t h i s 

research was c a r r i e d out, f o r h i s encouragement and valuable advice. 

Thanks are also given t o other members of the department, 

e s p e c i a l l y Dr. N.A. B e l l , who have taken p a r t i n many valuable discussions. 

The author i s indebted t o the S c i e n t i f i c Research Council f o r 

a Research Studentship. 



Memorandum. 

The work described i n t h i s t h e s i s was c a r r i e d out i n the 

U n i v e r s i t y of Durham between September 1964 and June 1967. The 

work has not been submitted f o r any other degree and i s the o r i g i n a l 

work of the author except where acknowledged by reference. 

Part of the work has been the subject of a p u b l i c a t i o n i n the 

Journal of the Chemical Society, [J.C.S. (A), I966, 26.] 



Summary. 

Coordination complexes of some magnesium d i a l k y l s and of 

diphenylmagnesium w i t h bidentate and unidentate ligands have been 

prepared. The complexes a l l contain f o u r coordinate magnesium and 

where molecular weights have been measured they are raonoraeric i n benzene. 

The d i s s o c i a t i o n of Bu^^giC^E^O)^ i n benzene has been studied. 

The a c t i o n of donors on some alkyImagneslum halides has been 

i n v e s t i g a t e d . The complex MeMgBr.Me2NC2H^NMe2 and a dimeric ( i n 

benzene) alkylmagnesium c h l o r i d e (Bu^MgC1.0Et2)2 '^s.ve been i s o l a t e d . 

N,N,N'-Trimsthylethylenediamine and some magnesium d i a l k y l s 

(R = Me, Pr"^, Bu^) give dimeric products, the t - b u t y l complex shov/ing 

some tendency t o d i s s o c i a t e . 

The products formed from magnesium d i a l k y l s and t h i o l s depend both 

on the nature of the a l k y l group attached t o the magnesium and on tha t 

attached t o the t h i o l . Methylmagnesium a l k y l sulphides disproportionate 

on the a d d i t i o n of non-donor solvents and a mechanism f o r the 

d i s p r o p o r t i o n a t i o n has been suggested. A d d i t i o n of tetrahydrofuran gives 

the dimeric complexes (MeMgSR.THr)^ (R = Bu^, P r ^ ) . S i m i l a r 

complexes (EtMgSBu^THF)^, (BuS'[gSPr^.0Et2)2 have been i s o l a t e d . 

D i s p r o p o r t i o n a t i o n occurs on a d d i t i o n of t - b u t y l t h i o l t o d i - t - b u t y l -

raagnesium i n ether and i n the presence of tetrahydrofuran. Magnesium 

t - b u t y l s u l p h i d e i s a polymeric s o l i d which does not form any simple 



c o o r d i n a t i o n complexes. .Methylmagnesium 2-dimethylaminoethyl 

sulphide i s tetrameric i n benzene and the t - b u t y l magnesium analogue 

i s dimeric. 

Attempts t o prepare complexes of the type MMgR̂ H (M = a l k a l i 

metal, R = a l k y l group) f a i l e d . The preparation of an alkylraagnesium 

hydride has, so f a r , not been achieved. I n any system l i k e l y t o 

generate the system RMgH only the d i s p r o p o r t i o n a t i o n products magnesium 

hydride and magnesium d i a l k y l are produced. The exchange r e a c t i o n 

between sodium t r i m e t h y l b o r o n hydride and dimethylmagnesium was 

i n v e s t i g a t e d by p.m.r. methods a t low temperature. 

The c r y s t a l l i n e complex NaBMe^H which i s tetrameric i n benzene 

has been i s o l a t e d and characterised. 
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INTRODUCTION 



IlNfTRODUCTION 

This t h e s i s i s concerned v/ith the organic chemistry of magnesium, 

e s p e c i a l l y t h a t of the d i a l k y l - and d i a r y l - compounds, and w i t h 

experiments aimed a t the pre p a r a t i o n and p r o p e r t i e s of magnesium hydrides. 

Although organomagnesium compounds, u s u a l l y as Grignard reagents, 

have an extensive chemistry and have been the subject of several 
1 2 3 

reviews ' the mode of a c t i o n of these extremely u s e f u l reagents i s 

s t i l l not a l t o g e t h e r c l e a r . I n the same way the chemistry of the d i a l k y l -

and d i a r y l - compounds has been r e l a t i v e l y l i t t l e studied. This second 

item w i l l make up the major p a r t of t h i s t h e s i s and the reactions of 

Grignard reagents w i l l not be discussed a t any le n g t h . 

Magnesium d i f f e r s from a l l the other elements of group I I i n t h a t 

i t forms both covalent and i o n i c compounds. Be r y l l i u m , on the other 

hand, forms almost e x c l u s i v e l y covalent compounds while the heavier 

members, calcium, s t r o n t i u m , barium and radium, form mainly i o n i c compounds. 
0 

Magnesium has an i o n i c radius of 0»65A which leads to a charge-to-radius 

r a t i o of 3!1 and thus according t o Fajans' r u l e s there i s a considerable 

tendency t o form covalent compounds. The f i r s t and second i o n i s a t i o n 

p o t e n t i a l s of magnesium are 7'Sk and 15*3 eV r e s p e c t i v e l y , thus because of 

the much increased l a t t i c e energy r e s u l t i n g from the formation of Mĝ"*" 

compounds, magnesium e x i s t s only i n the d i v a l e n t s t a t e . 
2 2 6 2 

The ground e l e c t r o n i c s t a t e of magnesium i s 1s 2s 2p 3s , the 
1 1 

promotion energy t o the s t a t e 3s 3p i s r e l a t i v e l y low and thus magnesium 
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would perhaps be expected t o form l i n e a r covalent compounds u t i l i s i n g 

sp h y b r i d s . No compound of t h i s type i s kno\^fn as a co-ordination number 

of two leaves two low l y i n g unoccupied o r b i t a l s which can be used i n 

bonding. The use of these o r b i t a l s r e s u l t s i n the formation of an sp"^ 

h y b r i d and the tv;o imoccupied o r b i t a l s w i l l be f i l l e d by the formation 

of an e l e c t r o n d e f i c i e n t b r i d g i n g bond, as i n dimethyImagnesium^ ( f i g 1.), 

or by c o - o r d i n a t i o n v/ith an e l e c t r o n donor, f o r example PhMgBr.(Et20)2. ^ 

I n both cases the dominant tendency i s f o r magnesium to use a l l i t s low 

energy o r b i t a l s i n bonding and become four-co-ordinate. 

I n aqueous s o l u t i o n the magnesium c a t i o n becomes six-co-ordinate 

and hydrates such as MgCl2.6H20 can be r e a d i l y c r y s t a l l i s e d . Anhydrous 

magnesium c h l o r i d e absorbs ammonia t o give MgCl2.6l'ffl^ v/hich has a high 

d i s s o c i a t i o n pressure. I t i s l i k e l y t h a t the bonding i n Mg(Donor 

i s e s s e n t i a l l y e l e c t r o s t a t i c as a degree of covalent bonding would involve 

using 3d o r b i t a l s of Mg which are probably of too high ain energy. Thus 

i n any covalent compound of magnesium a maximum co-ordination number of 

f o u r i s t o be expected. 

A few examples of magnesium compounds v/ith a co-ordination number of 

[:EtMgN(Et)CH2Ph]2 three are known, (Pr^MgNPr^) , [!EtMgN(Et)CH Ph] ^ The alkylmagnesium 
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a l k o x i d e (Bu^MgOPr"^)^ ̂  i s reported t o contain 3-coordinate magnesium 

but the authors suggest t h a t n-bonding between an oxygen lone p a i r and a 

vacant magnesium o r b i t a l occurs t o account f o r the la c k of acceptor 

p r o p e r t i e s of the magnesium ( f i g 1 ) . I n the case of the amines, the 

low c o o r d i n a t i o n number of the magnesium i s undoubtedly accounted f o r 

by s t e r i c f a c t o r s . i 

• S t n K t n n at m t r r * ^ " . faromine, u M l o x y f e i a tonw 
in ci7««l» M R B r . O - i C a i » 0 : i p t a a t^nn^t b r o m m . . . 
oxygea, u i d ^ r ^ ^ ^ h t m atoms m ocxkr d ( k c m m n g me. 

One example of f i v e coordinate magnesium i s knov/n. P a r t i a d 

o x i d a t i o n of a Grignard s o l u t i o n r e s u l t s i n the c r y s t a l l i s a t i o n of a 

compound Mg^Br^O.ifEt^O. The ether can be replaced by tetrahydrofuran 

but the r e s u l t i n g product i s not isomorphous w i t h the ether complex which 
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has the s t r u c t u r e shov/n, ( f i g 2 . ) . Tetrahydrofuran i s probably too 

s t r o n g a donor to allow the presence of bromine bridges (alkylmagnesium 
11 

bromides are monomeric i n THE). 

Prep a r a t i o n of orgaiaomagnesium compounds. 

One o f the f a c t o r s which accounts f o r the extensive use of Grignard 

reagents i s t h a t they can e a s i l y be prepared from r e a d i l y accessible 

m a t e r i a l s . Almost a l l organomagnesium compounds can be prepared 

• d i r e c t l y from m e t a l l i c magnesium. 

H i s t o r i c a i l l y , dialkylmagnesium compounds were prepared before the 

b e t t e r known Grignard reagents but were u s u a l l y not obtained i n a pure 
g 

s t a t e or even recognised as such. Cahours prepared d i e t h y l - and 

dimethylmagnesium by heating the a l k y l i o d ide w i t h magnesium i n a 

sealed tube. I n 1891, Lohr ^ using the same method c o r r e c t l y described 

d i m e t h y l - , d i e t h y l - and dipropylmagnesium as v/hite, a i r - s e n s i t i v e s o l i d s . 

This method of p r e p a r a t i o n d i d not give pure products or good y i e l d s and 

thus organomagnesium compounds remained c u r i o s i t i e s u n t i l the f i r s t 
10 

p r e p a r a t i o n of' organomagnesitun h a l i d e s by Grignard i n I9OO. 
1 

The methods of p r e p a r a t i o n of Grignard reagents are now w e l l known 

and i n t h e i r simplest form i n v o l v e the slow a d d i t i o n of an a l k y l or a r y l 

h a l i d e t o magnesium turnings i n a donor solvent. 
T ^ v .« Donor Solvent, ^ ̂ „ „' RX + Mg » RMgX 
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The donor sol v e n t i s an i n t e g r a l p a r t of the Grignard reagent and 

although organomagnesium halides can be prepared i n the absence of donors 

t h e i r p r o p e r t i e s are considerably modified. Although d i e t h y l ether i s 

the commonly used donor medium other ethers, such as t e t r a h y d r o f u r a n , 
12 

d i b u t y l e t h e r , a n i s o l e , and non-ethereal solvents, such as t e r t i a r y 
13 lif 15 amines ( d i m e t h y l a n i l i n e , h e t e r o c y c l i c amines ) ajid formals, have 

been used als o . Hydrocarbon solvents t o which small amounts, of donor 

compounds are added are also used. The donor compounds are u s u a l l y 
"16 '17 

added so as t o form 1:1 complexes w i t h the organomagnesium compounds. ' 

The use of hydrocarbon solvents containing no donor molecules as 

media f o r the p r e p a r a t i o n of organomagnesiimi compounds was f i r s t 
18 

e x t e n s i v e l y s t u d i e d by Schlenk but he obtained e i t h e r no r e a c t i o n or 
19 20 21 

very lov/ y i e l d s . Bryce-Smith and co-workers ' ' found t h a t 

isopropylbenzene and other hydrocarbon media gave good y i e l d s of 

organomagnesium compounds from the a l k y l or a r y l - h a l i d e and magnesium 

t u r n i n g s . The product was an alkylmagnesiura halide i n v/hich R:Mg:X 

(X = h a l i d e , R = a l k y l or a r y l ) = 3:2:1, a s i m i l a r type of compound i s 

obtained on the removal of ether from a normal Grignard reagent. The 

composition of the unsolvated organomagnesium halides may change w i t h 

time but the a l k y l content i s always greater than the halide and i n some 
22 

cases approaches t h a t of the dialkylmagnesium. 

. Alkylmagnesium alkoxides have r e c e n t l y been prepared by d i r e c t 

synthesis i n hydrocarbon solvents i n which they are r e a d i l y s o l u b l e . 
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2Bu"ci + 2Mg + Pr^OH ) Bu^MgOPr^ + MgCl^ + BU"H 

Bu^Cl + Mg + NaOPr^ > Bu^MgOPr^ + NaCl 

There are two main methods f o r the preparation of dialkylmagneslums, 

1) From the Grignard reagent by p r e c i p i t a t i o n of magnesium h a l i d e 

w i t h I j ^ d i o x a n and 2) from magnesium metal ajid d i a l k y l m e r c u r i a l s . 

The l a t t e r method i s l i m i t e d t o those organomagnesium compounds 

f o r v/hich the corresponding dialkylraercury i s avadlable e.g. methyl, 

e t h y l , phenyl etc.,. but the method i s i d e a l f o r small scale preparations 

and p r e p a r a t i o n of h a l i d e - f r e e d i a l k y l - or arylmagnesium compounds. 

The most widely applicable synthesis of di-organomagnesium compounds 

i s p r e c i p i t a t i o n of magnesium h a l i d e by a d d i t i o n of 1,4-dioxan. I n 

1929 Schlenk and Schlenk found t h a t a d d i t i o n of 1,^dioxan t o a 

Grignard reagent p r e c i p i t a t e d a l l the halide and some of the magnesium 

l e a v i n g the di-organomagnesium compound i n s o l u t i o n . They therefore 

proposed the now famous Schlenk e q u i l i b r i u m f o r the c o n s t i t u t i o n of the 

Grignard reagent i n s o l u t i o n . 

2RMgX ^===i R̂ Mg + MgX^ 

I t was a t f i r s t thought t h a t the 1,i4-dioxan p r e c i p i t a t e d both 

MgX^ and RMgX and t h a t the amount of magnesium l e f t i n s o l u t i o n 

represented the amount of dialkyl(aryl)magnesium present i n the Grignard 

s o l u t i o n . '̂̂ '̂ ^ Later, hov/ever, i t was found t h a t the composition of 

the s o l u t i o n produced a f t e r p r e c i p i t a t i o n of the Grignard reagent changed 
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rapidly on standing i n contact v/ith the precipitate and that the y i e l d 

of dialky 1 compound could be improved by shaking. ^̂ '̂ ^̂  A l a t e r 
31 

investigation showed that Ij^Hdioxan precipitated MgBr^*2-dioxan 

from ethylmagnesium bromide. Rapid addition of the dioxan gave a 

55-60?^ y i e l d of dialkyImagneslum which improved to 70-73% i f the solution 

remained i n contact lAfith the precipitate. The best yi e l d s , 93-97^, 

of diethylmagnesium were obtained by extremely slow addition of the 

dioxan to a s t i r r e d solution of the Gpignard reagent. The addition 

of more than one mole of dioxan per mole of ethylmagnesium bromide i s 

necessary to ensure complete precipitation of a l l the halide. A 

detailed description of the preparation of a typ i c a l di-organomagnesium 
32 

compound i s given by Strohmeier. I f an excess of dioxan i s used 

then the magnesium a l k y l i s generally isolated from ethereal solution 

as the dioxan complex and the dioxan removed by heating i n vacuo. 

This procedure f a i l s when the a l k y l chain i s branched as heating i n vacuo 

then decomposes the dialkylmagnesium. 

Long chained dialkylmagneslums can be prepared by heating the a l k y l 

halide vri.th magnesium. Addition of benzene gives a solution containing 

larg e l y dialkylmagnesiiim. 

The structure of organomagnesium compounds. 

The structures of some dialkylmagnesium compounds i n the s o l i d 
3 3 3 ^ 

phase have been recently determined by X-ray powder diff r a c t i o n methods. ' 
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I t has been shown that dimethyl- and diethylmagneslum have a polymeric 

chain structure s i m i l a r to that established for dimethylberyllium.-^^ ( f i g 1) 

The polymeric chains consist of straight l i n e s of magnesium atoms m.th 

tetrahedrally disposed a l k y l groups, i n planes perpendicular to the 

C-crystallographic axis, placed symmetrically between. The a l k y l 

groups, have one tetrahedral sp"^ o r b i t a l directed symmetrically between 

two magnesiums, th i s forms a three centre bond with tv;o magnesium sp^ 

o r b i t a l s Mg'(sp^) + C(sp^) + Mg^(sp^). The C - Mg - C angle i n the 

four-membered ring of Mê Mg i s IO5 t 2 ° , i . e . quite near the expected 

tetrahedral angle of 1 0 9 ° while the Mg - C - Mg angle i n the ring i s 

7 5 t 2 ° . This small angle i s caused by the requirement that the overlap 

between the magnesium and carbon orbitals i s large. The magnesium-carbon 
o o 

bond distances are 2-2kA and 2'26A i n dimethyImagnesium and diethylmagnesium 
o 

respectively, while the Mg - Mg distances are 2'73A i n the former and 
o 

2«79A i n the l a t t e r . These distances indicate that the magnesium-carbon 

bonds have a bond order of l e s s than one, again indicative of electron 

deficient molecules, v/hile the metal-metal distances show that some degree 

of metal-metal bonding may be present. 

Single c r y s t a l X-ray d i f f r a c t i o n work has shov/n that bis-cyclo-

pentadienylmagnesium i s e s s e n t i a l l y ionic and possesses the antiprismatic 

structure s i m i l a r to ferrocene. 

Stucky and Rundle have shovm that the compound obtained on 

c r y s t a l l i s i n g a diethylether solution of diphenyImagnesium i s the 
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dietherate KgiC^E^)^.ZC^E^^O which i s monomeric i n the c r y s t a l l i n e phase 

and tetrahedrally coordinated. 

The polymeric nature of the magnesium d i a l k y l s and, presumably, the 

d i a r y l s accounts for their general i n v o l a t i l i t y and their i n s o l u b i l i t y i n 
3 7 

non-donor solvents, i . e . those which do not disrupt the polymer chain. 

L i t t l e i s known about the structure of the d i a l k y l - and a r y l -

magnesiums i n donor solvents but they are presumably monomeric at 

s u f f i c i e n t l y low concentrations v/ith two or more solvent molecules 

coordinated. Proton magnetic resonance studies have shown that the r 

value of the methyl protons i n dimethylmagneslum f a l l s from 11'58 at very 

low dilutions to 11«if2 i n solutions i n which the Me^Mg/OEt^ ra t i o i s 0»06, 

t h i s has been interpreted as being due to the dissociation of a polymeric 
3 9 

species present i n the more concentrated solutions. This i s 

consistent with the strong polymeric nature of dimethyImagnesium and 

i t s low s o l u b i l i t y (O-SM solution i s saturated) i n diethyl ether. 
Z|0 41 Molecular weight measurements i n diethyl ether and tetrahydrofuran 

solution have shown that diethylmagnesium i s monomeric i n dilute solution. 

The structure of the Grignard reagent, organoraagnesium halide, has 
10 

been the subject of controversy since i t s f i r s t discovery. The facts 

which must be explained are b r i e f l y as. follows, a) structure i n the 

c r y s t a l l i n e phase, b) molecular v/eights i n solution, c) exchange reactions, 

d) the i o n i c nature of the Grignard. These headings vdll- be discussed 

i n turn. 
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a) Structure of Grignard reagents i n the s o l i d phase. 

C r y s t a l l i s a t i o n of Grignard reagents from diethyl ether solutions 

gives compoimds of the type IMgX.ZEt^O (R = a l k y l or a r y l , X = halide). 

Single c r y s t a l d i f f r a c t i o n data have been obtained for PhJ'igBr.2C^H^Q0 

and EtMgBr.2G^H^Q0, Both of these compounds consist of a l k y l or 

a r y l group, bromine atom, and two ether molecules forming a distorted 

tetrahedron around the magnesium atom ( f i g 3«)? which i s four coordinate. 

The molecular configuration of EtMgBr-2Et20. 

Ether can be removed from RMgX.2Et20 by heating i n vacuo to give syrupy 

l i q u i d s and f i n a l l y s o l i d solvent-free Grignard reagent. Removal of 

ether from CH^MgCl, C^H^MgCl and C^H^MgBr gave s o l i d products which 

contained, as shown by X-ray poi-/der photographs, dime thy Imagnesium i n the 

f i r s t case and diethylmagnesium i n the two l a t t e r cases. I t v/as concluded 

from t h i s that solvent-free Grignard reagents consist of dialkylmagnesium 
^3 

and magnesium halide. 
C r y s t a l l i s a t i o n of Grignard reagents from tetrahydrofuran solution 
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does not lead to compounds of the type RMgX.(C^HgO)^ but to halide-rich 

c r y s t a l s i n which R:Mg:X = 1:2:3 i . e . RMĝ X̂  leaving R̂ Mg i n solution, 

despite the fact that Grignard reagents are monomeric in tetrahydrofuran 
kk 

solution. Halide r i c h phases also separate out on c r y s t a l l i s i n g 

solutions i n other ethers e.g. MeOPh, Pr'̂ 2'̂  and Bu^^*^. 

Addition of triethylamine to a diethyl ether solution of 

ethylmagnesium bromide followed by c r y s t a l l i s a t i o n r e s u l t s i n the 

formation of a compound i n which Mg:Br:N = 1»0:1.0:1«0 v/hich i s 

raonomeric i n trimethylamine over a large concentration range and dimeric 

i n benzene. ''''' . 

Although the structure of the Grignard reagent i n the s o l i d phase 

does not necessarily correspond to the nature of the solution i t would 

seem that the two should be closely related. The original equilibrium 

proposed by Schlenk to explain the precipitation of magnesium halides 

by dioxan i s adequate to explain the facts presented above, 

2RMgX ; ^ R̂ Mg + MgX̂  

with the equilibrium well to the l e f t except on removal of the solvent. 

The equilibrium can be extended to RMĝ X̂  
3RMgX ̂  ^/2Ii^ng + ^/2MgX2 R2Mg + RMĝ X̂  

Degress of association i n ethereal solution. 

The measurement of the degrees of association of Grignard reagents 

mainly i n diethyl ether and tetrahydrofixran was the f i r s t r e s u l t -to throw 



- 12 

doubt on the simple formula MgX for the reagent. Much of the early 

work was clouded by the non-realisation of the effects of oxygen and 
48 

excess magnesium halides on the degree of association. Table 1 

summarises the r e s u l t s obtained for Grignard reagents i n diethyl ether and 

tetrahydrofuran. 

The following generalisations can be made. 

a. I n dilute diethyl ether solutions «0.06 moles of^RMgx'per l i t r e ) 

a l k y l - and arylmagnesium bromides and iodides are raonomeric but tend to 

associate at higher concentrations. 

b. AlkyImagnesium chlorides tend to be dimeric i n diethyl ether at a l l 

concentrations even up to 0*04 molar. 

c. A l l Grignard reagents, so f a r studied, are monomeric i n tetrahydrofuran. 

I t i s possible that i n very concentrated Grignard solutions, especially 
73 

i n d i e t h y l ether, the degree of association may increase. The 

structure of Grignard reagents which are monomeric i n solution i s probably 

s i m i l a r to that established for the s o l i d phase i . e . PJ-IgX.ZS, where S i s 

a solvent molecule, while there are several possible structures for the 

dimeric species ( f i g k.). 
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X 

Solvent molecules are not shown i n the formulae, but they w i l l be 

present i n such numbers as to make each magnesium atom, at le a s t , four 

coordinate. Structures I I I , IV and V seem unlikely as i t i s known 

that i n most cases bridging w i l l occur v i a the halogen atoms rather than 

the a l k y l groups. The choice, therefore, seems to l i e between 

structures I and I I . 

c) E q u i l i b r i a i n solution. 

In order to explain the precipitation of magnesium halides on the 
18 

addition of dioxan to Grignard solutions, Schlenk and l a t e r v/orkers 

proposed the following e q u i l i b r i a 
2RMgX ^ R^Mg.MgBr^ R/ig + MgX̂  

This phenomenon does not allow a choice to be made betv/een the 

structures I and I I as the e q u i l i b r i a involved could be very rapidly 

established. 

I t has been shown by means of several experiments such as kinetic 

studies on the reaction with hex-l-yne and the d i e l e c t r i c constants 

of mixtures of Et2Mg and MgBr^j v/hich show a break at a 1:1 mixture 
51 

indicating compound formation, that a 1:1 mixture of Et Mg and MgBr 
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i s equivalent to the c l a s s i c a l Grignard reagent. Conductance studies, 

hov/ever, show s i g n i f i c a n t deviations between the conductances of synthetic 

mixtures and the normal Grignard at concentrations below 0«4M and i t i s 

concluded that at low concentrations the synthetic mixtures are more 
52 

associated than the normally prepared Grignard reagent. 

A number of exchange reactions have been investigated using radioactive 

tr a c e r s . Radioactive magnesium bromide (labelled magnesium) was mixed 

with an equal quantity of Et^Mg and allowed to equilibrate for 36 hours. 

Dioxain precipitation showed that a l l the radioactivity remained i n the 

magnesium bromide. This was taken to indicate that the equilibrium 

shown was the only one taking place and that EMgX was not a si g n i f i c a n t 

constituent of the Grignard solutions. 
Et^Mg + MgBr2^?=^ Et^MgiMgBr^ 2RMgX 

Later experiments concerning the same equilibriiam sind the 

54 

equilibrixim between a Grignard reagent and magnesium bromide or 

diethyl magnesium show that s t a t i s t i c a l exchange takes place and thus 

that EMgX must play a s i g n i f i c a n t part i n the equilibrium. Similarly, 
40 4i 44 56 

association studies ' ' have shovm that mixtures of Et^Mg and 

MgBr2 produce monomeric species i . e . MgX showing that a l k y l exchange 

does take place i n ethereal solution and that RMgX i s a si g n i f i c a n t 

species i n solution. I t i s probable, therefore, that the dimeric 

species has the structure shov/n ( f i g 5»)« 
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R. -• • 

No evidence for the equilibrium 

Et^Mg + MgBr^ ==i Et^Mg : MgBr^ 

v;as obtained i n these experiments. 

c) The ionic nature of Grignard reagents. 

Grignard solutions are known to possess a sig n i f i c a n t conductivity 

and although ionic species need not be present to a large extent any theory 

on the structure of Grignard solutions must be able to explain the 

observations. 

E l e c t r o l y s i s of a Grignard solution under controlled conditions i . e . 

the middle compartment of a transference c e l l has constajit composition, 

shows that magnesium metal plates out at the cathode, hydrocarbons are 

evolved at the anode and the magnesium concentration i n the anode 
57 

compartment increases. This indicates that magnesium i s present both 

i n the anion and cation. The follovrdng e q u i l i b r i a have been postulated. 
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At cathode 2RI-lg"̂  + 2e~ > Mg + MgR̂  

2MgX'̂  + 2e" > Mg + MgX 
2 

At anode R2MgX" > R' + Rf-IgX + e" 

R̂ Mg" > R» + MgR̂  + e" 

RMgX^" > Ri + MgX̂  + e" 

Dessy et a l have e s s e n t i a l l y confirmed the above observations. 

On mixing diethylmagnesium and labelled magnesium bromide (Mg*Br2)' 

however, they found the magnesium plating out at the cathode, contained 
28 

no a c t i v i t y when Mg was used. This e s s e n t i a l l y confirmed their 
findings with the dioxan precipitation of labelled mixtures of E t 2 % 

2 5 

and MgBr^j although use of Mg resulted i n complete exchange, and they 

took t h i s as supporting evidence for their model of the Grignard reagent 

i . e . R2Mg : MgBr2» since i t has been shov/n that the lack of exchange 
5 3 

i n the above system depends on the type of magnesium used some doubt 

must be throvm on the e l e c t r o l y s i s r e s u l t s . I t i s probably easier to 

envisage the necessary ions being produced from the RMgX or (RI'-lgX)2 

formulation of the Grignard than from R2Mg : MgBr2 as this would require 
5 9 

the breaking of bonds other than bridge bonds. 

X 
R-Mg' 'Mg-R i = h RMg"̂  + Rf-lgX, 2 

X 

+ R-Mg Mg Rl-% + RI%X 
R X 
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^Measurement of s p e c i f i c conductivities of Grignard reagents has 

shown that the conductivities of the normally prepared Grignard reagent 

d i f f e r from that of a synthetic mixture of Et2Mg and MgBr2) but 

l a t e r work has shovm that this i s only s i g n i f i c a n t at concentrations 

below O'kK. 

57 

E l e c t r o l y s i s of aromatic Grignard reagents has shown that they 

have a c o l l o i d a l nature although association studies demonstrate that 

they are dimers on solution. 

There i s no evidence for the existence of carbanions i n ethereal 

solutions of either Grignard reagents or dialkylmagnesium compounds, ^^'^^ 

On adding tris(diraethylamino)phosphine oxide to an ethereal solution 

of benzyl Grignard reagent a red colour develops which has been 
6k attributed to the C^H^CH. anion. 6 5 2 

The coordination chemistry of organomagnesium compounds. 

Very few organomagnesium coordination compounds have been isolated. 

They do, hov/ever, obviously e x i s t as the easy preparation of organomagnesium 

reagents requires the use of donor media. Ether complexes of 

organomagnesiura halides, RMgX.2Ether (R = Et, Ph; X = Br; Ether = 

C^H^QO, C^HgO) have been isolated and their structures determined. 

The ether complex EtMg2Cl^.THF has been isolated from a THF/benzene 
kk 

solution of a Grignard, E t 2 % being l e f t i n solution. There i s more 

evidence for the formation of coordination compounds i n Grignard solutions. 
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The following e q u i l i b r i a have been proposed to take place i n Grignard 
solutions: 

MgXnOEt^ + rTHF ^ ^ EMgX(n-r)Et20.rTHF + rEt^O -

KMgX.OEt^ + C^E^O^^=^ RMgX.Ĉ HgÔ - + Et^O 

The value of th i s work i s doubtful as i n a l l cases some precipitation 

occurred and measurements were carried out on heterogenous systems. 

Complex formation i n solution i s also indicated by the change of 

r e a c t i v i t y of a Grignard with solvent. Thus the nucleophilic a c t i v i t y 

of organomagnesium compounds was found to depend on the solvating medium, 

which for RMgX follows the order: 

(CH^0CH2CH20CH^)> THF>Et^N>Et^O 

This would also be the order of increasing s t a b i l i t y of the 

coordination compound. Other reactions, e.g. reaction of Grignards with 
67 68 69 70 71 hex-1-ynes, ' -̂ "̂  reaction with benzonitrile, have been shov/n 

to be affected by the presence of donor molecules showing that 

coordination i n Grignard solutions plays an important part i n the reaction 

path. 

The preparation of ethyImagnesium bromide i n triethylamine follov/ed 

by f r a c t i o n a l c r y s t a l l i s a t i o n from benzene, gives the product 

C2H^MgBr.Et^N which i s monomeric i n boiling triethylamine. The product 

i n i t i a l l y c r y s t a l l i s e s as C2H^MgBr.2EtjN but loses triethylamine on 
7 2 17 

drying i n high vacuo. ' 
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Coordination complexes of d i a l k y l - and diarylmagnesiura have not 

been d e f i n i t e l y characterised i m t i l recently. The formation of 

coordination complexes re l i e v e s the electron deficiency of the magnesium 

a l k y l s , however the polymeric nature of the dialkylmagnesium compounds 

means that before coordination compounds can be formed the polymer chain 

must be broken and thus the free energy change on coordination must be 

greater than that of polymerisation. I t has been shown that the 

magnesium a l k y l s eire stronger polymers than the corresponding beryllium 

compounds and thus i t i s to be expected that the corresponding 

coordination compounds of magnesium id. l l not form as readily as those 

of beryllium. 

The existence of a c r y s t a l l i n e etherate (C2H^)2%«CEt2 was reported 

by Schlenk as being prepared during the formation of Et2Mg from Et2Hg and 

Mg i n ether. 

Measurements of p a r t i a l pressures i n mixed solvents have led . to the 

following equilibrium being proposed for dialkylmagnesium solutions, 

R2Mg.0Et2 + THE R2Mg.THF + 0Et2 " ^^^^ 

The experiments do not rule out the p o s s i b i l i t y that the actueil 

complexes i n solution are R2Mg.0Et2fTHE ( i . e . contain i|-coordinate Mg) 

but suggest that the rate constant for the reaction shown below i s small 

R2Mg.OEt2.THF R2Mg(THF)2 + 0Et2 

The bis-etherate of diphenylmagnesiura, Mg(CgH^)2.2Et20 can be 
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c r y s t a l l i s e d from an ethereal solution. Removal of some of.the ether 

gives a s t i c k y l i q u i d Ph^Mg.nEt^O where 1< n <2. ^ ^ ' ^ 

Experiments on the preparation of d i a l k y l - and diarylcompounds of 

magnesium have shown that dioxan forms a 1:1 com.plex of the type R^lg.C^QO^. 

This i s presumably a chelate complex containing 4-coordinate magnesium. 

In some cases (R = Et, Pr, Pr""", Bu^) the dioxan can be removed on heating 

i n vacuo at 115-170°C. The compound obtained on adding dioxan to 

a methyl Grignard reagent i s said to be (CH^)2Mg.-5dioxan, for which the 

structure, containing 3-coordinate magnesium, shov/n belov/ was proposed, 

( f i g 6.) 

75 

,HC 
"2 H. CH. 

F i g . _6 
This 3 -coordination could be removed i f the oxygen atom u t i l i s e d i t s 

second lone pair and cross linking v/ith another magnesium atom occurred. 

Coordination complexes with nitrogen as donor are also knovm. 
o 

Dimethylmagneslum absorbs trimethylamine reversibly but no stoichimetric 
76 complex v/as isolated, 

follow the equation. 

Measurements of the dissociation pressure 

log^QP'(mm) 11-66 - 3316/T°K 
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corresponding to a heat of dissociation of 15.2 kcal./mole of N(CH^)^. 

This i s i n sharp contrast to dialkylberylliums which form both 1:1, 

R2Be(lMe^), and 2 :1, R2Be(Me^)2 complexes. '^^•''7,78 stable, v o l a t i l e 

complexes with the chelating amine, N, N, N', N'-tetramethylethylene-

diamine (T.M.ED) of the type R2Mg.TMED have been prepared where 

R = E t , Pr", Pr^, Bu^ these are c r y s t a l l i n e solids except for Bu^2%*^^^^^ 
79 

which i s l i q u i d . Triethylenediamine, '-'^^^2^2' Ŝ '̂ ®̂  ̂  white 

precipitate with both Grignard reagents and dialkylmagnesiums. No 

de t a i l s of preparation or a n a l y t i c a l data are given. The dialkylmagnesium 

complexes are presumably 1:1 chelated complexes of the type, 

R-Mg.N-C H,—N 

Coordination compounds v/ith magnesium present i n an anion also e x i s t . 

Phenyl-lithium reacts reversibly with an ethereal solution of diphenyl-

magnesium and addition of xylene causes a c r y s t a l l i n e s o l i d Li"*"[MgPh^]~ 

to separate. I f dioxan i s present then the complex LiMgPh^.ifdioxan i s 
8o 

formed. Recently N.M.R. studies have shown the existence of tv/o 
i n t e r e s t i n g anionic complexes of magnesium i n ethereal solution. 

7 

Studies of the temperature dependance of the proton and L i spectra of 

mixtures of methyl-lithium and dimethylmagneslum show that both 2 :1 , 

Li2MgMe^ and 3 :1 , Li^MgMe^ complexes e x i s t i n solution at low temperatures, 

the amoimt of 3!1 complex increasing with temperature. The following 
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structures have been proposed for these complexes, ( f i g 7.) 

F i g v 7 '. 

The structure of the 3:1 complex i s s i m i l a r to that of the methyl-

lithium tetramer with one of the lithium atoms replaced by a magnesium 

atom. No evidence for a 1:1, LiMgMe^, complex was obtained. 

Properties of organic compounds and coordination of the other Group I I elements. 

Few organometallic coordination complexes of the elements of Group IIA, 

Ca, Sr, Ba are known. The organic compounds of these metals are 

presumably highly ionic and their behaviour v / i l l p a r a l l e l that of the 

Group I metals for v/hich, v/ith the exception of lithium, no coordination 

complexes have been prepared. 

In contrast the coordination chemistries of beryllium, zinc and 
82 

cadmium are well documented. 
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B e r y l l i u m 

The d i a l k y l - and diary1-compounds of b e r y l l i u m are, l i k e those of 

magnesium, e l e c t r o n d e f i c i e n t molecules. Dimethyl b e r y l l i u m has a 

polymeric chain s t r u c t u r e , analogous t o dimethyImagnesium, i n the s o l i d 

phase. The higher a l k y l s , however, are l i q u i d s and are obviously 

l e s s associated. Molecular weight studies have shown t h a t d i e t h y l -

b e r y l l i u m has a molecular weight of 160 and ^kO i n cyclohexane and 

benzene r e s p e c t i v e l y i . e . i s approximately d i r ^ e r i c , but the value i s 

time-dependant and increases t o 212 and 2k0 r e s p e c t i v e l y a f t e r 2̂ 0 days. 

D i - i s o p r o p y l b e r y l l i u m i s also a l i q u i d , i t s p h y s i c a l p r o p e r t i e s being 

c o n s i s t e n t w i t h a diraeric s t r u c t u r e . These a l k y l s possess three coordinate 

metal atoms, a s t r i k i n g d i f f e r e n c e from magnesium caused by the much 

smaller size of the b e r y l l i u m atom, s t e r i c e f f e c t s preventing the formation 

of more associated species. The s t e r i c s i t u a t i o n i s more extreme i n the 

case of d i - t e r t i a r y b u t y l b e r y l l i u m which i s a l i q u i d w i t h a f a i r l y high 

vapour pressure, 3^rm. a t 25°C. Cryscopic molecular weight measurements 

have shown t h a t i t i s monomeric i n benzene and t h i s has been confirmed f o r 
8k 

the molecule i n the gas phase by a recent i n f r a r e d study. The 
b e r y l l i u m atom i n t h i s molecule i s two-coordinate, only one other b e r y l l i u m 

compound of t h i s type, Be[N(SiMe^)2]2t i s known. 

Diphenylberyllium i s a high m e l t i n g s o l i d w i t h a low s o l u b i l i t y i n 

non-donor solvents and i s thus probably an e l e c t r o n d e f i c i e n t chain 
86 

polymer s i m i l a r t o dimethyIberyIlium. 
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Because of t h e i r e l e c t r o n - d e f i c i e n t nature organoberyllium compounds 

r e a d i l y form c o o r d i n a t i o n complexes w i t h donor molecules. Studies on 

di m e t h y l b e r y l l i u m i n d i c a t e d t h a t the order of the heat of coordination of 

donors i s N > P > 0 » A s , S i n f a c t no co o r d i n a t i o n compounds of dimethyl-

b e r y l l i u m v/ith t r i m e t h y l a r s i n e or dimethylsulphide are knovm. This 
88 89 same order i s ishown by trime thylaluminium ajid t r i m e t h y l g a l l i u m when 

no c o m p l i c a t i n g f a c t o r s such as double or d-it bonding are present. 

Organoberyllium compounds form s t a b l e 1:1 complexes w i t h bidentate ligands 

which are g e n e r a l l y monomeric, c r y s t a l l i n e s o l i d s . 

Group V donors. 

Compounds formed by bidentate n i t r o g e n donor species are u s u a l l y simple 

c r y s t a l l i n e , monomeric 1:1 complexes. Thus 1,2-(lW-dimethylamino)ethane 

forms the complex H^Be(lie^NCE^CE^me^) where R = CH^,^° ̂ ^7^' ^kS^* 

The d i - t e r t i a r y b u t y l b e r y l l i u m complex i s i n t e r e s t i n g i n t h a t , a t room 

temperature the p.ra.r. spectrum shov/s a s i n g l e l i n e f o r the NCCH^)^ 

resonance but at low temperatures t h i s l i n e i s s p l i t i n d i c a t i n g two 

d i s t i n c t types of me2 group. Thus i t i s suggested t h a t Bu^^^e. (MeCH^CH^NMe^) 

contains only 3-coordinate b e r y l l i u m w i t h one NMe^ group attached t o the 

metal atom and the other f r e e . Rapid exchange w i l l occur a t room 

temperature but t h i s w i l l be frozen a t -25°C. 

N, N, N', N'-tetramethyl-o-phenylenediamine forms s i m i l a r complexes 
77 91 w i t h d i m e t h y l - and di p h e n y l b e r y l l i u m . ^ D i e t h y l - and d i - i s o p r o p y l -

b e r y l l i u m form both 1:1 and 2:1 complexes w i t h tetramethyl-tetrazene (TMT) 
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i . e . E^Se.TMT and i'R^Be)^TMT. On heating the 1:1 complex an 

exothermic r e a c t i o n occurs producing the 2:1. D i - t e r t - b u t y l b e r y l l i u m 

forms only a complex which on heating gives Bu*2^e.Me2NI^=WNMe2.Bu^BeH 

R2Be:Me2NN=NMfe2 — > {-^^B) ^=Wme ^ + \\%^=m\Q^. 

I t i s suggested t h a t the 2:1 complexes contain ^ c o o r d i n a t e b e r y l l i u m 

although molecular weight data show they are somewhat associated, ( f i g 8.) 

S i m i l a r complexes are formed between d i e t h y l b e r y l l i u r a and 
92 t tetramethylhydrazine. No 2:1 complex could be i s o l a t e d w i t h Bu ̂ ^e 

and 1,2-M-(dimethylamino)ethane. 

B i p y r i d y l reacts w i t h dimethyl-, diphenyl- and d i e t h y l b e r y l l i u m 

forming y e l l o w , yellow, and red c r y s t a l l i n e , 1:1 complexes r e s p e c t i v e l y . 

Studies on these and the b e r y l l i u m h a l i d e complexes have shown t h a t the 

molar e x t i n c t i o n c o e f f i c i e n t of these compounds increases as the 

e l e c t r o n e g a t i v i t y of the group attached t o b e r y l l i u m decreases and the 

colours are explained by e l e c t r o n t r a n s f e r from the b e r y l l i u m - h a l i d e or 

beryllium-carbon bond t o the lowest unoccuped molecular o r b i t a l of the 
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90 bipyridyl-n-systems. 

Uni-dentate donor molecules can react w i t h organoberyllium complexes 

to form two main types of complex R^Be.L and R^Be.L^ (L = l i g a n d ) . Thus 

trimethylamine reacts v;ith dimethyIberylliura t o form a stable compound 

87 

ne^Be<-me^ and the less stable Me^Be.CMe^)^ which has r e c e n t l y been 

shown to be the 2 : 1 complex and not (Me^e)^(Me^)^ as f i r s t thought. 

Dip h e n 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 also form stable 1:1 complexes 

and l e s s s t a b l e 1:2 complexes v/ith trimethylamine. Only 1:1 complexes 
8k 

are known between d i - i s o p r o p y l - , d i - t - b u t y l b e r y l l i u m and trimethylamine 
another example of the importance of s t e r i c e f f e c t s i n b e r y l l i u m chemistry. 

87 

The 1:1 complexes are monomeric i n the vapour phase when v o l a t i l e and 

e i t h e r monomeric or s l i g h t l y associated i n benzene s o l u t i o n and thus possess 

5-coordinate b e r y l l i u m . Studies on the trimethylaraine and 1-,2-dimethyl-

amino ethane complexes of BeCCH^)^ and BeCCD^)^, have allowed the 
Be-CH^ symmetric deformations to be i d e n t i f i e d as occurring i n the range 

— 1 —1 

1l86 cm" - 1206 cm" and the Be-CH^ s t r e t c h i n g v i b r a t i o n s i n the range 

700 - 900 cmT'' TheBe-CH^ p.m. resonances occur a t ^^^^^T and 11 '52r f o r 

Me2Be:NMe^ and ^e^eiZB.^)^CE^-R^{CE^)^ r e s p e c t i v e l y . ' A s o l u t i o n of 

Be(CH^)22N(CH^)^ i n cyclohexane cont a i n i n g f r e e trimethylamine, t o suppress 

d i s s o c i a t i o n , shows a sharp Be-CH^ resonance a t 11 •28' ' . The small 

v a r i a t i o n s i n the chemical s h i f t f o r d i f f e r e n t donor atoms are explained 
97 

by the s p a t i a l arrangement about the b e r y l l i u m atom. 
P y r i d i n e forms s t a b l e , coloured c r y s t a l l i n e , 2 :1 complexes w i t h 
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organoberyIlium compounds (R = Me, Et,^'^ Pr""", Bu^ ^ ^ ) . 

I n order t o form s t a b l e complexes w i t h dimethylberyllium the donor 

molecules must break up the polymer. Triraethylamine does t h i s e a s i l y , i n 

the case of trimethylphosphine, however, the s i t u a t i o n i s more complex i n 

t h a t the heat of c o o r d i n a t i o n of the phosphine w i t h dimethylberyllium i s of 

a magnitude comparable to the heat of polymerisation of the dimethylberyllium. 

Thus a complex set of e q u i l i b r i a are set up and a considerable range of 

compounds (Me P) (Me Be) , where x = 2,3>1>2,2,2 and y = 1,2,1,3»^»5i 3 X c y 
r e s p e c t i v e l y are formed. These d i f f e r from each other only i n the length 

8k 

7fi 
of the Be-Me polymer chain l e f t i n t a c t . A l l the trimethylphosphine can 
be removed i n vacuo. Trimethylphosphine complexes w i t h d i - t - b u t y l b e r y l l i u m 

91 

and d i p h e n y l b e r y l l i u m are known. The former forms only a 1:1 complex, 

presumably f o r s t e r i c reasons, while the l a t t e r forms both 2:1 and 1:1 

complexes, although the l a t t e r was not i s o l a t e d . The complex Ph2Be(PMe^)2 

has a vapour pressure of 35'k9 mm. a t 86°C and i s s l i g h t l y d issociated i n 

benzene s o l u t i o n . 
76 

No organoberyllium t r i m e t h y l a r s i n e complexes have been i s o l a t e d . 

Group VI complexes. 

The ready s o l u b i l i t y of organoberyllium compounds i n ethers'indicates 

t h a t the polymeric chain must be broken dovm by the ethers. 
Chelated 1:1 complexes are formed between dimethylberyllium and 

90 

1,2-dimethoxyethane. The compound i s monomeric i n benzene s o l u t i o n and 

the ether can be removed by heating (55-60°C) i n vacuo. 
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Molecular weight studies and the high dipole moment of d i e t h y l -
86 

and d i p h e n y l b e r y l l i u m i n dioxan i n d i c a t e t h a t complex formation takes 

place i n t h i s s olvent. The complex i s probably Et^Be.C^HgO^. 

Although organoberylliura compounds are soluble i n d i e t h y l e t h e r no 

d e f i n i t e c o o r d i n a t i o n compounds have been i s o l a t e d , except f o r diphenyl

b e r y l l i u m where an e t ^ e r complex i s formed on c r y s t a l l i s i n g an e t h e r e a l 

s o l u t i o n . This low melting c r y s t a l l i n e complex was claimed t o be 

Ph^Be.(0Et2)2 which d i d not lose ether u n t i l heated i n vacuo a t 130°C. 

More recent work has shown t h a t the bis-etherate has a considerable vapour 

pressure of ether a t room temperature (I7nim. a t 0°C) and cannot be 

i s o l a t e d w i t h o u t the l o s s of some ether, and ether can be removed u n t i l 
91 

the 1:1 complex i s l e f t . The a l k y l s of b e r y l l i u m a l l r e t a i n ether on 

i s o l a t i o n from e t h e r e a l s o l u t i o n t o some extent. D i - t - b u t y l b e r y l l i u m on 

removal of ether by pumping y i e l d s a viscous l i q u i d i n which the r a t i o 

Be:0Et2 i s approximately 1:1. I f the l i q u i d i s r e f l u x e d while pumping 

a product c o n t a i n i n g 57 mole % ether i s obtained. Ether can be removed 

from:diLsopropylberyllium by r e f l u x i n g w i t h continuous pumping f o r several 

days.''^^ D i e t h y l b e r y l l i u m r e t a i n s about Z% ether even a f t e r t h i s 

treatment. Dimethylberyllium and dimethylether form a s e r i e s of complexes s i m i l a r 
76 

t o those w i t h trimethylphosphine. The compounds (Me2Be)2(0Me2) 

Me2Be.0Me2j (Me2Be)20Me2 and (Me2Be)^0Me2 are formed, they are much less 

s t a b l e and dissociate: a t lower temperatures than the trimethylphosphine 
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complexes. Diphenylberyllium forms a stable complex Ph2Be(0Me2)2 which 
o 91 

has no appreciable vapour pressure of ether a t 0 C. 

No c o o r d i n a t i o n compounds are knov/n between d i a l k y l b e r y l l i u m compounds 

and donor atoms c o n t a i n i n g sulphur. Diphenylberyllium, which i s a stronger 

acceptor due t o the e l e c t r o n withdrawing e f f e c t of the phenyl groups, forms 

a c h e l a t e , 1:1 complex w i t h 2,5-dithiahexane, a 2:1 complex w i t h 

dimethylsulphide, Ph^Be.(Me2S)2i which i s somewhat dissociated i n s o l u t i o n . 
Ph2Be.(Me2S)2 Ph2Be.Me2S + Me2S 

and there i s some evidence, based on tensimetry, f o r a complex w i t h 
91 

d i e t h y l s u l p h i d e (Ph2Be)2(Et2S)^. This l a t t e r s i t u a t i o n may be s i m i l a r 

t o the trimethylphosphine and dimethylether w i t h dimethylberyllium systems. 

No c o o r d i n a t i o n complexes of organoberyllium compoimds v/ith other 

members of group VI have been i s o l a t e d . 

I t seems from these s t u d i e s , t h a t s t r e n g t h of the group V and VI 

elements as donors to b e r y l l i u m are i n the order N>P>0»As, S. Measurement 

of the heat of d i s s o c i a t i o n i n the system 
Ph2Be.L2 Ph2Be.L + L 

have i n d i c a t e d t h a t i n t h i s case the order i s 0>N>S>P. No explanation 
101 

of t h i s order i s given. 

Anionic complexes. 

Complexes i n which the b e r y l l i u m atom i s present i n an anion are known 

f o r a v a r i e t y of systems. 
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Diphenylberyllium reacts v/ith p h e n y l - l i t h i u m i n ether t o give the 

complex s a l t Li[BePh^] v/hich can be r e c r y s t a l l i s e d from xylene, or dioxan i n 

which case Li[BePh^].A-dioxan i s i s o l a t e d . Magnesium, cadmium and zinc form 

s i m i l a r compounds. 

D i e t h y l b e r y l l i u m forms a s e r i e s of s a l t s of the type ( M ) . (BeEt2)^j 

where M = a l k a l i metal or Et̂ N̂"*", X = halogen or cyanide and n = 1 , 2 , k. 

CsF, 
102, 103, lOif 

Reactions have so f a r been c a r r i e d out vd.th Et2^e and KF, RbF, CsF, 

(Et^N)Cl, KCN i n which n = 1 or 2 , 2 , 2 , 2 a n d ^ r e s p e c t i v e l y . 

A l k a l i m e t a l hydrides r e a c t vath 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 t o 

form complex hydrides of the type MBeR2H where M = Na, R = Et, Me and 
105 99 

M = L i , R = Et and Ph. These w i l l be discussed i n more d e t a i l l a t e r . 

Zinc. 

Because of the l a r g e increase i n e l e c t r o n e g a t i v i t y i n going from the 
10 

elements of the f i r s t two rows t o the B-subgroup, which have a complete d 

s h e l l , the organic d e r i v a t i v e s show v a s t l y modified p r o p e r t i e s . Thus the 

dialkylcompounds of zinc are v o l a t i l e l i q u i d s e a s i l y soluble i n non-polar 

solvents and are monomeric i n the l i q u i d and vapour phase. '''̂  The 

d i a l k y l z i n c s i g n i t e i n a i r and are v i g o r o u s l y hydrolysed by water. 

Spectroscopic evidence, e s p e c i a l l y the i n f r a r e d ''̂ ^ and Raman ''̂ ^ spectra, 

i s i n t e r p r e t e d i n terms of a l i n e a r s t r u c t u r e (C - ̂  - C = 180°) f o r the 

d i a l k y l s . The formation of sp hybrids has been explained s o l e l y i n 

terms of the more covalent nature of the zinc compounds but may also be due 

to the l a r g e r separation of the s and p o r b i t a l s of zinc which w i l l favour 

the f o r m a t i o n of h y b r i d o r b i t a l s vo.th a l a r g e r amount of s-character. 
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The acceptor p r o p e r t i e s of the a l k y l - m e t a l compounds of group I I 

depend t o some extent on the e l e c t r o n e g a t i v i t y d i f f e r e n c e between R and M 

i n R2M. Because of the low p o l a r i t y of the zinc-carbon bond organo-zinc 

compounds v/ere thought f o r a long time not t o form e l e c t r o n donor-acceptor 

complexes. I n recent years hov/ever a f u l l range of coordination compounds 

have been prepared. 

Group V complexes. 

Chelated c r y s t a l l i n e complexes of the type E2Zn.(CH^)2NCH2CH2N(CH^)2 

are formed where R = Ph, C^F^, Ĉ Ĥ  , Me and a s i m i l a r complex 

R2Zn.(Et)2NCH2CH2l^t2 i s formed between d i a l k y l z i n c s and NNW'N'-tetra-
112 117 

fethylethylenediaraine where R = Me, Et. Tetramethyltetrazene also 

forms 1:1 c r y s t a l l i n e complexes w i t h Ph2Zn, {C^F^)^Znj Bu^^Zn. ''''̂  The 

chelated complexes are much less s e n s i t i v e t o a i r than the o r i g i n a l 

organo-zinc compounds. 

2 - 2 ' - B i p y r i d y l forms a s e r i e s of h i g h l y coloured i : i complexes of the 

type E22ii.bipy (R = Me, Et, Pr, Bu^, p e n t y l , h e x y l , h e p t y l , octyl,''''-^ Pr"^, 

Ph, CgF^, ''''̂  Me, '"''̂  a l l y l ^ ' ' ^ ) . Studies on some of these and on the 
corresponding 1,10-phenanthroline complexes E2Zn.C^^HgN2 (R = Bu", Et, 

1 l i i . 11? 

CgF^, Me ) have shown t h a t the colour of the complex depends on the 

e l e c t r o n e g a t i v i t y of R and the i n t e n s i t y of the absorption bond drops as 

the e l e c t r o n e g a t i v i t y of R decreases. This i s i n contrast to the 

analogous b e r y l l i u m compoiHids where the i n t e n s i t y drops as the e l e c t r o -
90 

n e g a t i v i t y of the attached group increases.'^ I t i s suggested t h a t the 
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absorption band i n the zinc complexes involves the 7t-system of the donor 

molecule as an acceptor and the 3 d - o r b i t a l s of the zinc as donor. The 

energy of the 3 d - o r b i t a l s w i l l vary i n the required manner w i t h v a r i a t i o n 

of R. 

Trimethylamine reacts w i t h dimethylzinc t o form both Me2Zn:NMe^ and 

Me2Zn(NMe^)2. The 1:1 complex d i s t i l s a t 8 3 ° vdLthout decomposition while 

the 1:2 complex d i s t i l s a t t h i s temperature suggesting d i s s o c i a t i o n 

i n t o the 1:1 complex and f r e e trimethylamine. Triethylamine and p y r i d i n e 

form only 2:1 complexes w i t h dimethylzinc but these dissociate i n benzene 
112 

s o l u t i o n i n t o f r e e amine and the 1:1 complex. A 2:1 p y r i d i n e complex 
117 

of d i - n - b u t y l zinc i s also known. 

A y e l l o w c r y s t a l l i n e , 1:1 complex i s formed between d i e t h y l z i n c and 

i s o q u i n o l i n e . The complex i s monomeric i n benzene, presumably containing 

3-coordinate z i n c , but dis s o c i a t e s on heating alone above 6 0 ° . The colour 

i s probably due to a mechanism s i m i l a r t o t h a t discussed f o r the b i p y r i d y l 
complexes. ''̂ ^ A s e r i e s of 1:2 complexes of d i a l k y l z i n c s (J? = Me, Et and Bu^) 

117 

w i t h q u i n o l i n e and i s o q u i n o l i n e have been prepared. The complex 

Me2Zn(quinoline)2 i s sai d t o form the 1:1 complex i n benzene s o l u t i o n v/hereas 

the corresponding d i e t h y l z i n c complex i s sai d t o be completely dissociated; 

t h i s c o n t r a s t s v/ith the work of Pajaro e t a l who states t h a t the complex 
115 

Et2Zn(isoquinoline) i s monoraeric i n benzene. 

Coordination complexes cont a i n i n g phosphorus and arsenic as e l e c t r o n 

donors have been found t o form only when the group attached t o the zinc atom 
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i s s t r o n g l y e l e c t r o n withdrawing. Thus diphenylzinc and d i ( p e n t a f l u o r o -

phenyl)zinc both form a 1:2 complex \-rith. triphenylphosphine v/hile Bu^^Zn 

forms no complex. With 1,2-bisdiphenylphosphinoethane and tetramethyl-o-

phenylenediarsine, however, diphenyl-, d i ( p e n t a f l u o r o p h e n y l ) - and 

d i ( n - b u t y l ) - z i n c a l l form 1:1 complexes, although the d i ( n - b u t y l ) -

zinc complex \^rith the c h e l a t i n g arsine i s a l i q u i d which slowly loses 

d i b u t y l z i n c on heating i n vacuo, i n a l l cases the melting p o i n t s of the 

complexes increase i n the order Bu"2^^'^ ̂ -^2^" ̂  ^'^6'^3^2^"* suggested 

t h a t the phosphine and arsine complexes do not in v o l v e dTC-dn back bonding 

as a major s t a b i l i s i n g i n f l u e n c e but simply t h a t increasing the e l e c t r o 

n e g a t i v i t y of R causes the zinc t o become a stronger acceptor. 

Group V I . 

Although complexes of organozinc compounds w i t h ethers have not been 

i s o l a t e d u n t i l r e c e n t l y t h e i r existence could have been postulated from a 
118 

number of previous experiments. I n 1859J Frankland found t h a t the 

use of dimethy l - or d i e t h y l e t h e r f a c i l i t a t e d the formation of dimethylzinc 

from zinc and methyl i o d i d e and the ether cannot be removed. A recent 

i n v e s t i g a t i o n of t h i s system demonstrated the existence of a 1:1 complex 

ZnMe2:0Me2. ''''̂  A s e r i e s of l i q u i d adducts l^^Zn.xO(CE^)^ where 

n = 2 , 3 , 4 , 5 and x = 1 or 2, which can be d i s t i l l e d a t room temperature are 

known. The st r e n g t h of the Zn<-0 coordinate bond and thus the p o s s i b i l i t y 

of the c o o r d i n a t i o n of a second ether molecule increases from n = 2 t o n = 5. 

Thus t e t r a h y d r o f u r a n and pyran form 1:2 complexes while 0(.CE^)^ forms both 
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1:1 and 1:2 complexes. The apparent extent of d i s s o c i a t i o n i n benzene 

and cyclohexane depends on the concentration and the donor p r o p e r t i e s of 

the s o l v e n t . The cause of the s t a b i l i t y d i f f e r e n c e f o r ethers of d i f f e r e n t 

r i n g s i z e i s thought t o be the o r i e n t a t i o n and character of the oxygen 

lone p a i r o r b i t a l s which are a f f e c t e d by the r i n g size of the ether. 
117 

Tetrahydrofuran does not form a s t o i c h i m e t r i c complex w i t h d i e t h y l z i n c . 
120 

P.m.r. st u d i e s have enabled e q u i l i b r i u m constants f o r the r e a c t i o n , 
R2Zn + ether R2Zn:ether 

where R = Me or Ph and ether = 0(CH2)2» ^i^^^'^^' ^^jp^^^^^^^^3' *° ̂ ® 

c a l c u l a t e d . 

Strohmeier's experiments on organozinc compounds provided good 

evidence f o r the formation of dioxan complexes. Thus diphenyl- and 
0-7 

d i e t h y l z i n c are monomeric i n dioxan and they have a non-vanishing 
121 122 

d i p o l e moment i n dioxan (2«7D and 1«68D, r e s p e c t i v e l y ) v/hich i s 

a t t r i b u t e d t o electron-acceptor-donor complex formation. Several 1:1 

dioxan complexes of organozinc compounds have' i n f a c t been i s o l a t e d . 

These are e s p e c i a l l y s t a b l e f o r d i a r y l z i n c s but lose dioxan on heating i n 

vacuo.''^•^'''^'^ D i a l k y l z i n c s do not r e a d i l y form dioxan complexes, thus 

dimethylzinc forms a s t a b l e 1:1 compound w i t h 1,ifdioxan, but no compound 
12^ o vdth 1 ,3dioxan. D i e t h y l z i n c does not give a s t o i c h i r a e t r i c compound, 

117 
the adduct having the e m p i r i c a l formula Et2Zn(dioxan)Q^^. D i - n - b u t y l -

123 
and d i - i s o - b u t y l z i n c are reported not t o form dioxan complexes. 
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1,2-Dimethoxyethane and 1,3-dimethoxypropane forms 2 :1 complexes 

w i t h dimethylzinc which can be d i s t i l l e d without decomposition, on coo l i n g 

below 0°C however the 1:1 complexes can be separated. 

Only one complex of organozinc compounds \irith the higher members of 

group VI i s known. Dimethylzinc forms a c r y s t a l l i n e chelate complex w i t h 

I j ^ t h i o x a n , He2ZnC^HgS2. 

Anionic complexes. 

U n t i l r e c e n t l y the only complexes of organozinc known were those i n 

which the zinc atom was psirt of a complex anion. Sodium and d i e t h y l z i n c 

r e a c t t o give a low mel t i n g c r y s t a l l i n e s o l i d which analysed ais sodium 
125 

t r i e t h y l z i n c a t e NaZnEt^, t h i s can also be prepared by d i s s o l v i n g 
ethylsodium i n d i e t h y l z i n c . As the complex i s associated i n benzene the 

126 
formula Na_[Zn^Et^] has been proposed and t h i s has been supported by 

127 
a d i p o l e moment study. L i t h i u m tetramethylzincate d i e t h y l e t h e r a t e 
has been obtained by a d d i t i o n of m e t h y l - l i t h i u m t o an excess of dimethyl-

128 
zinc and removing v o l a t i l e m a t e r i a l . A 1:1 complex i s formed between 
d i e t h y l z i n c and a l k y l l i t h i u m reagents the r e a c t i o n being completely 

99 r e v e r s i b l e . 

R'Li"^ + Et2Zn (RZnEt2)"Li'*' 

P h e n y l - l i t h i u m also adds r e v e r s i b l y to diphenylzinc i n ether s o l u t i o n 

t o give a c r y s t a l l i n e 1:1 complex LiZnPh^ and a less stable complex 

Li^Zn2Ph^ v/hich i s h i g h l y d i s s o c i a t e d i n b o i l i n g ether whereas the 1:1 
80 

complex i s e s s e n t i a l l y monomeric. A d d i t i o n of dioxan t o LiZnPh^ allows 
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the c r y s t a l l i s a t i o n of LiZnPh,.4C, HQO^. 
3 4 0 2 

The hydride anionic complexes of organo-zinc compounds w i l l be 

discussed l a t e r . 

Cadmium. 

The trends which f i r s t showed themselves i n the chemistry of organo

zinc compounds i . e . li n e a j r s t r u c t u r e of the a l k y l s and the lessened 

tendency t o expand c o o r d i n a t i o n number above 2 become even more pronounced 

f o r cadmium. The l i q u i d cadmium a l k y l s are monomeric i n benzene and 

cyclohexane and the i n f r a r e d spectra have been i n t e r p r e t e d i n terms of 

a l i n e a r C-Cd-C s t r u c t u r e . The l i n e a r s t r u c t u r e may again be due to the 

l a r g e r separation of the 5s and 5p o r b i t a l s of cadmium v/hich v / i l l favour 

the f o r m a t i o n of a small number of bonds, vidth a large s c o n t r i b u t i o n . A 

second f a c t o r may be d-s mixing, although t h i s i s more l i k e l y f o r mercury 
131 10 compounds than f o r cadmium. I n the case of cadmium the complete kd 

e l e c t r o n s h e l l v / i l l provide a less e f f e c t i v e screening to outer electrons 

and thus increase the e l e c t r o n e g a t i v i t y of cadmium. This phenomenon 

becomes s t i l l more pronounced i n the case of mercury. 

Few c o o r d i n a t i o n compounds of cadmium d i a l k y l s and d i a r y l s are knov/n. 

A c r y s t a l l i n e chelate complex i s formed between dimethylcadmium and 
132 

N,N,N',N'-tetraethylethylenediamine. This can be sublimed i n vacuo 
a t 50°C but i s s l i g h t l y d i s s o c i a t e d i n benzene. The yellow b i p y r i d y l 

complex of dimethylcadmium i s much more extensively dissociated i n benzene 
90 

s o l u t i o n and loses dimethylcadmium on pumping. The 1,10-phenanthroline 



- 37 -

132 
complex i s , however, monomeric i n benzene. 

P y r i d i n e forms a 1 :1 l i q u i d adduct which d i s s o c i a t e s i n t o i t s 

-.components a t low temperatures and i s thus d i f f i c u l t t o i s o l a t e . S i m i l a r 

behaviour i s shov/n by t e t r a h y d r o f u r a n . Because of t h i s no r e l i a b l e 
132 

molecular weight data are a v a i l a b l e f o r these compounds. 1,VDioxan 
forms a c r y s t a l l i n e cojBplex with dimethylcadmium v/hich can be sublimed 

i n vacuo but i s completely d i s s o c i a t e d a t room temperature i n benzene 
132 

s o l u t i o n . Diarylcadmium compounds also form 1:1 chelated complexes 
134 

w i t h 1,q-dioxan but no moleculax v/eight data are v a i l a b l e f o r these. 
Dipole moment measurements also i n d i c a t e the formation of a complex 

121 

between dioxan and diphenylcadmium. 

Mercury. 

Mercury i s the l e a s t e l e c t r o p o s i t i v e metal i n Group I I and thus 

organomercury compounds.show r e l a t i v e l y l i t t l e tendency t o form n e u t r a l 

c o o r d i n a t i o n complexes. The la r g e separation of the 6s and 6p o r b i t a l s 

causes the dialkylmercury compounds t o have a l i n e a r s t r u c t u r e containing 

two coordinate mercxiry. 

The organomercury compounds do not expand t h e i r coordination number 
above two, as evidenced by the lov/ dipole moment of diphenylmercury i n 

121 

dioxan s o l u t i o n , unless the organic group attached t o the mercury i s 

c h l o r i n a t e d or f l u o r i n a t e d . O s c i l l o m e t r i c techniques have detected 1:1 

and 2:1 complexes between p i p e r i d i n e , p y r i d i n e , triphenylphosphine, 

t r i p h e n y l a r s i n e , acetone, ethanol, dimethylsulphoxide, p y r i d i n e N-oxide, 
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t r i ( p - t o l y l ) t h i o p h o s p h a t e , dimethylsulphide and various f l u o r i n a t e d 

a l k y l - and arylmercury compounds. Diphenylmercury also forms s i m i l a r 
133 

compounds. The existence of a l l these compounds depends on very 
weak i n t e r a c t i o n s , however, {O^F^)^^g.hlipj, (G^F^)^Eg.lPiC^E^)^^^C^E^,^^ 

(CF^)2Hg.bipy, (CF^)2Hg.phen, (C2F^)2Hg.bipy, (C^F^)2Hg.bipy,^°^ and 

(001^)2%.bipy are a l l known as c r y s t a l l i n e complexes. 

P h e n y l - l i t h i u m does not form any complex w i t h diphenylmercury. 

Reaction of organometallic compounds vd.th a c i d i c hydrogen. 

Reaction of a d i a l k y l - or a r y l m e t a l compound of Group I I v/ith a 

substance (HA) c o n t a i n i n g an a c i d i c hydrogen, i n 1:1 molar proportions 

normally gives a product of the type RMA. These compounds, i f monomeric, 

would be c o o r d i n a t e l y imsaturated a t the metal atom, which would i t s e l f 

have enhanced acceptor c h a r a c t e r i s t i c s due t o being attached t o the more 

el e c t r o n e g a t i v e e n t i t y A, ( i . e . more electronegative than R i n R2M). 

I f the residue A possesses any lone p a i r electrons on the atom attached t o 

the metal then t h e i r donor p r o p e r t i e s w i l l be increased, again because of 

the p o l a r i t y of the M - A bond. I n order t o remove the coordinative 

u n s a t u r a t i o n of the metal atom the RMA species may be expected t o undergo 

some a s s o c i a t i v e process. The f a c t o r s v/hich a f f e c t the degree of 

a s s o c i a t i o n of t h i s type of compound are now beginning t o be understood, 
135 

though t h e i r r e l a t i v e importance i s sometimes obscure. 
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The a s s o c i a t i o n process can be w r i t t e n , 

nRMA (RMA)n 

AG = AH - T.AS 

The f a c t o r s a f f e c t i n g n are summarised as f o l l o w s : 

1. Entropy - f o r a s s o c i a t i o n t o occur as shovra i n the above equation AG 

must be negative. This w i l l be achieved i f AS can be p o s i t i v e . 

A s s o c i a t i o n w i l l be favoured by a p o s i t i v e value of AS, thus entropy 

f a c t o r s v / i l l favour small values of n i . e . i f entropy were the only f a c t o r 

i n v o l v e d then the l i k e l i h o o d of a s s o c i a t i o n would be 

diraers > t r i m e r s > tetramers >> polymers. 

2. S t e r i c i n t e r f e r e n c e - by the use of models i t can be shown t h a t there 

i s l e s s i n t e r f e r e n c e betv/een bulky s u b s t i t u e n t s i n dimers thain i n t r i m e r s . 

S t e r i c i n t e r f e r e n c e (minimal i n the monomer) w i l l cause AH t o become 

more p o s i t i v e and thus s t e r i c i n t e r f e r e n c e w i l l favour low association 

numbers. 

3. Valency angle s t r a i n - the associated compound formed w i l l tend to have 

the l e a s t possible s t r a i n . I f some s t r a i n i s present then t h i s w i l l be 

more e a s i l y t o l e r a t e d by the heavier elements. Valency angle s t r a i n v / i l l 

decrease as n increases from 2 t o 3. 

k. Nature of r e a c t i o n intermediates - polymeric intermediates formed by an 

i n t e r - m o l e c u l a r condensation w i l l favour polymers, tetramers and t r i m e r s 

as the i s o l a t e d species. A monomeric intermediate w i l l favour a dimer 

as the associated species. 
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Most of the work on the f a c t o r s a f f e c t i n g the degree of association 

has been done on the organic compounds of Group I I I . Enough work has 

now been done, however, on the Group I I elements, e s p e c i a l l y b e r y l l i u m 

and z i n c , f o r a repr e s e n t a t i v e p i c t u r e t o be given. 

Reaction of organomagnesium compounds w i t h a c i d i c hydrogen. 

Amines. 

The products RMgNE^ formed by the displacement of one a l k y l group R 

by r e a c t i o n of secondary amines w i t h a dialkylmagnesium can associate 

w i t h both the a l k y l groups and the n i t r o g e n atom a c t i n g as possible 

b r i d g i n g groups. 

Reaction between equimolar proportions of diethyImagneslum and 

dimethylamine gives the polymeric, i n s o l u b l e bis-dimethylaminoraagnesium, 

Mg(Me2)2' I f 'the intermediate EtMgNMe^ shows any tendency t o 

d i s p r o p o r t i o n a t e then the process w i l l proceed to completion due t o the 

i n s o l u b l e nature of the product. V/hen amines w i t h l a r g e r organic groups 

are used d i s p r o p o r t i o n a t i o n does not take place but the products, v/hich 

are prepared i n et h e r e a l s o l u t i o n , cannot be freed from d i e t h y l e t h e r . 

When tetr'ahydrofuran i s added t o a hexane s o l u t i o n of EtMgNEt^ and 

EtMgNPr'''2 removal of the solvent leaves viscous l i q u i d s vri.th the formulae 

(EtMgNEt2)2THF and (EtUsNPr^^)^THF. The l i q u i d s are associated t o some 

exten t i n benzene s o l u t i o n . Monomers would contain one 3-coordinate 

and one it-coordinate magnesium atom unless both lone p a i r s of the THE 

are used f o r c o o r d i n a t i o n . The dimer [(EtMgNR2)2THF]2 has been formulated, 
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( f i g u r e 9) as shown, w i t h four-coordinate magnesium. 

Fig. 9:.. 

The p.m.r. spectrum shows only one type of Mg-Et group so there i s 

r a p i d exchange between the b r i d g i n g and t e r m i n a l e t h y l groups. The 

f o r m a t i o n of these compounds i s somewhat s u r p r i s i n g i n view of the f a c t 

t h a t diethylmagnesium i s monomeric i n tetrahydrofuran. 

Reactions w i t h diphenylamine give simpler products. Diethylmagnesium 

gives an e t h e r - f r e e , i n s o l u b l e , presumably polymeric product (EtMgNPh ) 

w i t h both bridging nitrogens and b r i d g i n g e t h y l groups. A d d i t i o n of 

t e t r a h y d r o f u r a n gives the monomeric complex EtMgNPh2(THF)2, D i - i s o -

propylmagnesium and diphenylamine i n d i e t h y l e t h e r gives the bis-ether 

complex Pr'^MgNPh^.(OEt^)^ wbich d i s s o c i a t e s i n toluene g i v i n g the polymeric 

(Pr"''%I'ffh ) . The phenylgroups i n the NPh„ residue are e l e c t r o n 

withdrawing t h i s decreases the donor capacity of the n i t r o g e n atom and 

increases the acceptor p r o p e r t i e s of the magnesium atom thus a l l o w i n g the 

f o r m a t i o n of the ether complexes. Diphenylamine w i l l e l i m i n a t e both 

e t h y l groups from diethylmagnesium g i v i n g Mg(NPh2)2 which i s i n s o l u b l e 
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1-58 
i n ether but can be r e c r y s t a l l i s e d from t e t r a h y d r o f u r a n . 

Di-isopropylamine reacts w i t h di-isopropylmagnesium t o form 

Pr''"Mglffr"''2 which i s dimeric i n benzene and must be formulated vidth three 

coordinate magnesium, ( f i g 10) 

.: 

Of the two possible s t r u c t u r a l formulae the f i r s t v/ith b r i d g i n g 

n i t r o g e n i s p r e f e r r e d . 

Reaction of diethylmagnesium w i t h an equimolar amount of 2,2,6,6 

t e t r a m e t h y I p i p e r i d i n e also y i e l d s a c r y s t a l l i n e dimer and again there are 

two possible s t r u c t u r e s , one w i t h b r i d g i n g nitrogens and the other v/ith 

b r i d g i n g e t h y l groups. 

Benzylideneaniline and diethylmagnesium form a c r y s t a l l i n e e ther-free 

product, which i s dimeric i n benzene. Hydrolysis y i e l d s the amine 

PhCHEt.NHPh. 
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•Ph , ^GHiEt: 

.::H2P-^ 

:.:.V • V E t ; f - M g ^ . ; r • Mg— E t ^ P h N H C H E t P h 

The product formulated w i t h 3-c©ordinate magnesium i n benzene 

s o l u t i o n may be more associated i n the c r y s t a l l i n e s t a t e although an 

analogous zinc compound MeZnNPh^, which i s dimeric i n s o l u t i o n , consists 
187 

of .dimer molecules i n the c r y s t a l l i n e s t a t e . 

Phosphines. 

The rea c t i o n s of diethylmagnesium w i t h various phenylphosphines 

have been studied by I s s l e i b and Deylig. Diethylmagnesium reacts w i t h 

an excess of diphenylphosphine i n ether t o give the i n s o l u b l e Mg(PPh2)2 

which i s presumably polymeric but can be r e c r y s t a l l i s e d from t e t r a 

hydrofuran as Hg(PPh2)2'4THF. I n equimolar proportions diphenylphosphine 

re a c t s w i t h e t h e r e a l diethylmagnesium t o eli m i n a t e one e t h y l group and 
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give c r y s t a l l i n e EtMgPPh^.OEt^. Although no molecular weight data are 

given the compound may w e l l be dimeric w i t h 4-coordinate magnesium, ( f i g 11) 

,OEt ;2'.:::.'v' 

The ether can be removed by heating i n vacuo a t 100°C. 

Diethylmagnesiura reacts w i t h an equimolar amount of phenylphosphine 

t o give EtMgPHPh^ from which the second e t h y l group can only be removed 

by h e a t i n g f o r 2 - 3 hours a t l60 . 

• PhPH Et^Mg (EtMgPHPh) (MgPPh)^ 2 " n 

An excess of phenylphosphine produces bis-phenylph6sphinomagne:sium a t 

room temperature. 

The c h e l a t i n g phosphine, P-, P'-phenyl-1,3-diphosphinopropane 

(CH2)^(PPhH)2 removes both e t h y l groups from diethylmagnesiiira i n b u t y l e t h e r 

t o form a chelate compound Mg(PPh)2(GH2)^ v;hich i s monomeric i n 

te t r a h y d r o f u r a n . Higher homologues of the diphosphine produce polymeric 

compounds. 

Alcohols. 

Although organomagnesium alkoxides have long been proposed as 
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intermediates i n the r e a c t i o n between organomagnesiura compounds and 

ketones i t i s only r e c e n t l y t h a t they have been i s o l a t e d . ' ^ ^ ' ^ 

Ethylmagnesium ethoxide can be prepared by the p y r o l y s i s of 

diethylmagnesixun which r e t a i n s some solvent d i e t h y l ether.''^^ P y r o l y s i s 

causes cleavage of the solvent molecules g i v i n g EtMgOEt which sublimes 
140 

out of the p y r o l y s i s mixture, and not MgC^H^ as f i r s t thought. 
23 

Bryce-Sraith and co-workers, have developed several methods f o r the 

d i r e c t p r e p a r a t i o n of alkylmagnesiura alkoxides from magnesium, a l k y l 

h a l i d e and a l c o h o l i n hydrocarbon media. I t i s reported t h a t n - b u t y l -
7 

magnesium isopropoxide prepared by t h i s procedure i s t r i m e r i c . The 

s t r u c t u r e proposed ( f i g . l a ) contains 3-coordinate magnesium and some 

Mg-0 n-bonding a r i s i n g from overlap of the pn component of the 

occupied n - o r b i t a l on oxygen v/ith a vacant o r b i t a l on the adjacent 

magnesium i s suggested t o account f o r the weak acceptor p r o p e r t i e s of 

the a l k o x i d e . A t r i m e r i c alkoxide (EtMgOEt)^ i s also reported t o be 

present i n e t h e r e a l s o l u t i o n . The alkoxide v/as formed by the absorption 
47 

of o:cygen by a diethylmagnesium s o l u t i o n . 

The degree of as s o c i a t i o n of alkylmagnesium alkoxides has been shov/n 

t o depend on the nature of the alkoxide group.^ I f there i s chain 

branching a t the carbon a t o oxygen then only tetramers ( c r y o s c o p i c a l l y 

i n benzene) [(EtMgOPr^)^, (EtMgOBu")^ and (Pr^MgOPr^)^] are formed. 

These compounds probably have a cubane s t r u c t u r e (diagram 12) s i m i l a r t o 

MeZnOMe and EtZnOBu*."^^^ V/hen no branching occurs a t carbon atom a 
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t o the oxygen then the species formed are more associated i n benzene 

e.g. EtMgOPr", Pr'̂ 'MgOMe, Pr"^MgOEt are oligomers a l l having degrees of 

as s o c i a t i o n i n the range 7-8*4, Et^feOEt i s too i n s o l u b l e i n benzene t o 

allo w i t s degree of a s s o c i a t i o n t o be determined. A l l the alkoxides 

mentioned were prepared by r e a c t i o n of the appropriate alcohol w i t h the 

appropriate diallcylmagnesium. 

.Fig. 12 i 

The p.m.r. spectra of (EtMgOBu*)^, (P3:^^gOMe)^^g_g^^, and 

(Pr'''MgOEt)^^^ are i n t e r e s t i n g i n t h a t the alkoxy.and i n the case of 

(EtMgOBu^) the metal a l k y l resonances are s p l i t i n t o two components of 

unequal i n t e n s i t i e s . This i n d i c a t e s t h a t , f o r example i n (EtMgOBu^)^, 

t h a t there are two types of Mg - Et and OBu* group and t h a t any exchange 
145 

between them i s slow enough f o r them t o appear magnetically d i f f e r e n t . 
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A d d i t i o n of benzophenone t o diethylmagnesium gives EtMgOCPh^Et which 

cannot be f r e e d from d i e t h y l e t h e r . Diethylketone and ethereal 

diethylmagnesium give a c r y s t a l l i n e s o l i d EtMgOCEt^.OEt^ v/hich i s e i t h e r 

monomeric i n benzene or decomposes i n benzene w i t h loss of ebher forming 

an associated, probably t e t r a m e r i c , e t h e r - f r e e alkoxide. 

2(EtMg0GEt^.0Et2)2 4Et20 (EtMgOGEt^)^ 

Reaction between acetone and methylmagnesium halides (Halide = Gl, 

Br, I ) gives the i n t e r e s t i n g compound BrMgOBu^.OEt^ which i s dimeric i n 

benzene. A possible s t r u c t u r e i s ̂  ( f i g 13). 

F i g , 13 
;.:::.Et20 

Reactions of organoberyIlium compounds v/ith a c i d i c hydrogen. 

Amines. 

Gompounds of the type RBeNR'^ have been known f o r some time. 

The usual method of prepara t i o n i s 

160 

R^Be + HNR'^ 

I t i s the value of x which provides the main area of i n t e r e s t . 

From Table 2 i t can be seen t h a t i n the m a j o r i t y of cases the value 
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of X i s three except when R' i s a bulk group v/hen the l e s s s t e r i c a l l y 

hindered dimer i s formed. Although entropy e f f e c t s would favour dimers 

•over .trimers, i n both cases the b e r y l l i u m i s three coordinate, ( f i g 13), 

rough c a l c u l a t i o n s show t h a t the e f f e c t of angular s t r a i n , l e s s f o r 

t r i m e r s than diraers, w i l l be the most important f a c t o r except where large 

s t e r i c e f f e c t s are in v o l v e d . Thus, ajs found, trimers w i l l be favoured 

f o r small R' groups and dimers f o r l a r g e r ones. 

" : Normally the nature of R does not a f f e c t the degree of associa t i o n , 

however, when R = Bu^, s t e r i c hindrance prevents the easy formation of 

;iBu^BeNMe2, g i v i n g Bu^2^e.HNMe2 which eli m i n a t e s butane only slowly and 

incompletely, and causes Bu*BeN(Me)eH2CH2Me2 t o be monomeric instead of 

dimeric l i k e the corresponding methyl- and phenylberyllium compounds. 

/(fig.14.) 
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,,.::"Me-2N - v' 

As the compounds mentioned above contain 3-coordinate, c o o r d i n a t i v e l y 

unsaturated b e r y l l i u m they r e a c t e a s i l y w i t h p y r i d i n e and b i p y r i d y l to 

give complexes. V/ith excess of l i g a n d the Be(NR2)2Be bridge i s broken. 

(Table 3) 

Reaction of dime t h y l b e r y I l i u m w i t h various ethylenediamines gives 

e i t h e r dimeric or polymeric products depending on the extent'of r e a c t i o n . 

(Table 4) S i m i l a r reactions have been done between d i e t h y l b e r y I l i u m and 
92 

various methylhydrazines, and i t i s suggested t h a t the amount of alkane 

e l i m i n a t i o n i s determined by s t e r i c f a c t o r s . 

Both alkylgroups are normally replaced v/hen an excess of a simple 

secondary or primary amine i s used. Ammonia forms an adduct \^dth 

d i m e t h y l b e r y l l i u m a t -80°G which on warming evolves methane, but even a t 

50°C e l i m i n a t i o n i s not q u a n t i t a t i v e , polymeric products of the type 

R-[Be-NH-Be]^-M2 being formed. P i p e r i d i n e and morpholine w i t h 

d i m e t h y l b e r y l l i u m give 1:1 adducts Me2Be<-MG^H^Q and Me2Be<r-I'JHĈ Hg0 v/hich, 
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i n the presence of excess amine a t 40°G, eliminate methane q u a n t i t a t i v e l y 

forming Be(NG^H^Q)2 and Be(NG^HgO)2 respectively.''^^ 

The presence of an adduct has also been observed between 

d i m e t h y l b e r y l l i u m and di-isopropylamine, Me2Be #-HNPr'''2, methane 

e v o l u t i o n i s , however, not q u a n t i t a t i v e even up to 100°G i n r e f l u x i n g 

s o l v e n t . Diphenylamine e l i m i n a t e s both e t h y l groups from d i e t h y l -

b e r y l l i u m giving•Be(NPh)2.''^^ D i e t h y l b e r y l l i u m also r e a c t s , e l i m i n a t i n g 

both e t h y l groups, w i t h N, N, N'-trimethylethylethylenediamine, g i v i n g 
16S 

the monomeric Be(MeNGH2GH2NMe2)2« Excess dimethylamine forms 

[66(1^62)2]-^ w i t h d i e t h y l - and d i - i s o p r o p y l b e r y I l i u m , f o r v/hich two 

possible s t r u c t u r e s have been p r o p o s e d . ( f i g I5.) 

;̂ ,:;Me2N. • . M e g ; - ' • Mep : . : ' ' 

FigV 15 
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Alcohols. (Table 5) 

The alkoxides so f a r prepared i l l u s t r a t e q u i t e e f f e c t i v e l y the 

e f f e c t of s t e r i c hindrance on the degree of asso c i a t i o n . For the 

met h y l b e r y l l i u m alkoxides the degree of associ a t i o n i s 4 i n a l l compounds 

so f a r prepared except f o r the very s t e r i c a l l y hindered alkoxy groups 

-0-CHPh2 ̂ '^'^ -OCPh^. The s t r u c t u r e of the tetrameric alkoxides i s 

probably s i m i l a r t o t h a t of (MeZnOMe)^^ ( f i g . 16). 

and t h a t of the dimers probably contains 3-coordinate b e r y l l i u m (fig.17). 

The s e r i e s of compounds (MeBeOCH^Ph)^, (MeBeOGHPh2)2»(MeBeOCPh^)^ also 

i l l u s t r a t e s the e f f e c t of i n c r e a s i n g s t e r i c hindrance. That the a l k y l 

group attached t o b e r y l l i u m also plays a p a r t i n determining the 

a s s o c i a t i o n number i s i l l u s t r a t e d by MeBeOBu^ which i s tetrameric 

whereas Bu^BeOBu^ i s dimeric. ( f i g . 17) 
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F i g . .17,;: ; 

The alkoxides were gen e r a l l y prepared from equimolar aimounts of a 

d i a l k y l b e r y l l i u m and an a l c o h o l . Methylberyllium t-butoxide v/as 

prepared by fou r methods. 

Me^Be + Bu OH 

Me^Be + (CH^)2C=0 

Me^Be + Bu^OOBu* 

Me CO 
^ (HeBeOBu^), ^=±=f [(Bu^O) Be], 

^ Me2Be ^ 

The r e a c t i o n v/ith aldehydes and ketones seems t o be a general one. 

The p.m.r. spectra of the a l k y l b e r y l l i u m alkoxides are of i n t e r e s t 

i n t h a t they present some evidence f o r some of the alkoxides [(HeBeOHe)^^, 

(MeBeOBu^)^,] possessing alkoxy groups i n a t l e a s t two environments.^^ 

The alkoxides o f t e n form l e s s associated complexes v/ith p y r i d i n e 

(Table 6) and i f the alkoxide i s s t e r i c a l l y hindered ether complexes are 

o f t e n formed. 
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The b i s - a l k o x y b e r y l l i u m compounds are formed on r e a c t i o n of a 

d i a l k y l b e r y l l i u m w i t h excess a l c o h o l . The s t e r i c a l l y hindered alkoxides 

have low degrees of a s s o c i a t i o n . (Table 7) Studies v/ith various 

s u b s t i t u t e d phenols have shovm t h a t the f i r s t a l k y l (Me2Be and Et2Be) 

group i s e l i m i n a t e d below -80° and the second s t a r t s t o react betv/een 
^^o , ,„o 167 -35 and -30 . 

Di-methoxyberyllium, v/hich i s polymeric, dissolves i n an etherea l 

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 producing methylberyllium methoxide whose 

i n f r a r e d and n.m.r. are i d e n t i c a l w i t h a sample prepared by the usual 

method. 

T h i o l s 

The r e a c t i o n of d i a l k y l b e r y l l i u m compounds w i t h t h i o l s i s a t present 

under i n v e s t i g a t i o n . Preliminary r e s u l t s again show a tendency towards 

the f o r m a t i o n of tetramers. 

Reactions of organozinc compounds w i t h a c i d i c hydrogen. 

Amines 

The compounds shown i n Table 8 are formed by the r e a c t i o n betv/een 

a secondary amine and d i a l k y l z i n c . (MeZnN(Me)GH2GH2NHe2)2 i s thought t o 
149 

have a s t r u c t u r e s i m i l a r t o the analogous b e r y l l i u m compound. The 

compound (RZnNPh2)2 i s formulated w i t h 3-coordinate zinc as evidenced by 

i t s ready r e a c t i o n w i t h p y r i d i n e and i t s tendency to d i s p r o p o r t i o n a t e , 

Noltes''^'^ has prepared the c r y s t a l l i n e dimers RZnNPh (v/here E = Et, Pr""" 
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Bu^, Ph) which again must be formulated w i t h three coordinate z i n c . 

These compounds and the l i q u i d EtZnWEt2 react r a p i d l y and q u a n t i t a t i v e l y 

w i t h R"NCO, R"NCS, CO2, CS2 as f o l l o w s : 

R" X 
II 

RZnNR'2 + R " - N = C = X i R Z n - N - C - NR'2 (X = 0, S) 

X 
I! 

RZnIffi'2 + CX2 » R - Zn - X - C - NR'2 (X = 0, S) 

The nature of the compounds was not examined. 

The r a t e s of a c i d o l y s i s of various a l k y l z i n c s i n Pr"'"20 w i t h a number 

of amines v i z . p - t o l u i d i n e , cyclohexylamine, diphenylamine has been 
151 

examined but the intermediates were not i s o l a t e d . I t appears, hov/ever, 

t h a t the compound RZnNR'2 once formed i s i n e r t t o excess amine and shows 

no tendency to form Zn(I'IR'2)2' Dimethylzinc and an equimolar amount of dimethylamine gives only 

c wl: 
149 

(Ke^l^)^Zn as an i n s o l u b l e , i n v o l a t i l e , presumably polymeric white s o l i d . 

No evidence was obtained f o r the existence of (MeZnNMe_) . 
2 X 

152 

Phosphines 

Only a few r e a c t i o n s between phosphines and d i a l k y l z i n c s are knov/n. 

\̂ ĥen the two are mixed i n equimolar proportions compounds of the type 

RZnPR'2 (R = Et, R' = Ph; R = R'=Ph; R=Et, R'=Bu^; R=R'=Bu°) are formed. 

EtZnPPh2 i s apparently polymeric and i n s o l u b l e i n most solvents once i t 

has been i s o l a t e d . EtZnPBu^2 BvL^ZnPBu^^, the l a t t e r being a l i q u i d . 
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are associated i n benzene but the extent i s not knovm. (PhZnPPh_) has 
2 n 

n = 7*2 i n 1»1 wt.^ benzene. The polymeric compound EtZnPPh^ reacts i i d t h an 

equal amount of methyliodide t o give [EtZnPPh^Mej'^'l" and v/ith excess 

methyliodide g i v i n g EtZnl and [PPh2Me2]"^"^2I~. 

I n s e r t i o n reactions w i t h ENCO, RNCS and CS^, s i m i l a r t o those of the 

amino compounds are undergone by the phosphines. 

U n l i k e the corresponding aminocompounds, RZnPR'^ rea c t w i t h a 

second mole of phosphine. 

RZnPR'^ + HPE'^ RH + Zn(PR'2)2 

Alcohols (Table 9) 

The r e a c t i o n between zinc d i a l k y l s and alcohols has been knovm f o r 

some time but i t i s only r e c e n t l y t h a t a d e t a i l e d i n v e s t i g a t i o n has 

1^9 

been c a r r i e d out. 

Most of the a l k y l z i n c alkoxides so f a r described are tetramers. 

X - r a y - c r y s t a l l o g r a p h i c examination of MeZnOMe and EtZnOBu* has shown t h a t 

they possess the cubane s t r u c t u r e i l l u s t r a t e d . 

/ 
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The tetrameric s t r u c t u r e allows the alkoxides t o become 
c o o r d i n a t e l y saturated so t h a t only the l e s s basic phenoxide forms a 
p y r i d i n e adduct although the use of a stronger Lewis base ^ d i m e t h y l -
aminopyridine causes (MeZnOMe)^ t o form an adduct (Me^NC^H^NZnMeOHe) 
which i s d i s s o c i a t e d very l a r g e l y i n benzene s o l u t i o n t o f r e e base 
and the tetramer. 

The p.m.r. spectra of the a l k y l z i n c alkoxides are i n t e r e s t i n g i n -

t h a t the 0-CH^ and Zn-CH^ resonances of (MeZnOMe)^^ are s p l i t a t low 

and room temperatures, although the l a t t e r collapses a t about ^0°C, 

whereas the -OBu* and Zn-CH^ resonances of (MeZnOBu*)^ are both s i n g l e t s . 

I t was thought t h a t isomeric forms of the cubane s t r u c t u r e are a v a i l a b l e 

to the methoxy compound which are denied the butoxy compound f o r s t e r i c 

reasons. An a l t e r n a t i v e explanation, i n v o l v i n g e q u i l i b r i a between various 

a l k y l z i n c alkoxide species e.g. MegZn^(OEt)g has been put forward on the 

basis of the p.m.r. spectra, of dimethyl- and diphenylzinc v^hich have 

reacted w i t h varying amounts of a l c o h o l . ' 

A l k y l z i n c alkoxides are f a i r l y r e s i s t a n t t o f u r t h e r a l c o h o l y s i s and 

even w i t h water the EtZnOH (the k i n e t i c s i n d i c a t e the EtZnOH i s a dimer) 

produced by Et2Zn + Ĥ O e l i m i n a t e s the second mole of ethane only very 

s l o w l y . '̂ ^̂  

The s i l o x y compound CH^ZnOSiMe^ i s also tetraraeric i n non-acidic 

s o l v e n t s . Trimers are produced i n the r e a c t i o n between alkylzinc£ 

and 2-diraethylaminoethanol, and the products do not react w i t h excess 
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methyl i o d i d e . The f o l l o w i n g s t r u c t u r e i s therefore proposed.''^^ ( f i g 18.) 

Me, 

• -Zr mm' 
- CH 

Fig. 18; 

The r e a c t i o n between benzophenone and d i a l k y l z i n c s i s i n t e r e s t i n g . 

Dimethylzinc forms only a complex from which Me^Zn can be e a s i l y recovered. 

D i e t h y l z i n c reacts w i t h the formation of ethylene and e t h y l z i n c diphenyl-

methoxide t r i m e r q u a n t i t a t i v e l y . Diphenylzinc reacts to give the normal 

a d d i t i o n product (PhZnOCPh^)^. The e f f e c t of increasing s t e r i c hindrance 

i n reducing the degree of a s s o c i a t i o n i s i l l u s t r a t e d by these compounds 

Thiols.''^^ (Table 10) 

1if2 

Equimolar amounts of t h i o l and d i a l k y l z i n c s give compounds of the type 

(EZnSE') . I'/hen R' = Ph or an unbranched a l k y l group the products are 

polymers. V/ith R' = Pr"^, Bu*, however, very unusual degrees of assoc i a t i o n 

are found. No tr e n d w i t h concentration has been found i n the molecular 
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weight and a d d i t i o n a l evidence i s provided by an X-ray c r y s t a l l o g r a p h i c 

5' study on (MeZnSBu*) , confirming the pentameric s t r u c t u r e . 

Zn 

A d d i t i o n of p y r i d i n e causes the thio-compounds t o depolymerise but 

only i n one case (MepyZnSBu^)^ v/as a c r y s t a l l i n e p y r i d i n e d e r i v a t i v e 

i s o l a t e d . 

The compounds mentioned above and also polymeric (MeZnSPh) a l l 

evolved dimethylzinc on heating. 

Reactions of organocadmium compounds v/ith a c i d i c hydrogen. 

The reac t i o n s of organocadmiums w i t h a c i d i c hydrogen have received 

very l i t t l e a t t e n t i o n u n t i l r e c e n t l y . 

A l c o h o l s . ( T a b l e 11) 

The nature of the alkylcadmium alkoxides i s very s i m i l a r to those of 

zinc w i t h one s t r i k i n g d i f f e r e n c e , namely methylcadmium t-butoxide dimer. 

;. •'•4;; 



- 58 -

The t e t r a m e r i c compounds probably have a cubane s t r u c t u r e s i m i l a r to 

(MeZnOMe)^, as the X-ray powder p a t t e r n f o r (MeCdOMe)^ i s s i m i l a r t o 

t h a t of MeZnOMe. The reason f o r the formation of a dimeric species 

(MeCdOBu^)^ i s somev/hat obscure, entropy would favour the formation of 

diraers, but the i s o l a t i o n of (RCdOR')|^ i n a l l other cases seems to i n d i c a t e 

t h a t i t i s not of major importance. The presence of a bulky t - b u t y l 

group would favour smaller degrees of associa t i o n but the existence of 

(MeZnOBu^)^ where s t e r i c crowding i s more pronounced shows t h a t t h i s cannot 

be the most important f a c t o r . Large atoms can cope w i t h angular s t r a i n 

more e a s i l y than smaller ones. As the angular s t r a i n i n a dimer i s no 

gr e a t e r than t h a t i n a tetramer there i s no reason why the d i f f e r e n c e i n 

size betv/een zinc and cadmium should allow the formation of dimeric 

(MeCdOBu ) ^ , e s p e c i a l l y as zinc forms (MeZnNPh2)2« ^ important f a c t o r 

may be the greater energy d i f f e r e n c e between the outer s and p o r b i t a l s as 

compared w i t h those of zi n c . A large s-p energy separation w i l l favour 

the f o r m a t i o n of o r b i t a l s v/ith a large amount of s-character and thus the 
2 t format i o n of sp h y b r i d o r b i t a l s , as v/ould be present i n (MeCdOBu ) ^ , may 

be favoured f o r s t e r i c a l l y hindered cadmium. No p y r i d i n e adduct i s 

formed by (MeCdOBu*)^. The p y r i d i n e adduct of MeCdOPh i . e . (MepyCdOPh)^ 

i s p a r t i a l l y d i s s o c i a t e d i n benzene s o l u t i o n u n l i k e the corresponding zinc 

compound. 
1S8 

The s i l o x y d e r i v a t i v e , MeCdOSi(CH^)^, i s also tetraraeric. This 

compound i s an analogue of (MeCdOBu^)^ but the greater size of the S i atom 

v / i l l remove some of the s t e r i c hindrance. 
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T h i o l s . (Table 12) 

Polymeric products are obtained from Me2Cd and RSH unless R i s a 

branch chained al k y l g r o u p . Thus MeCdSPr'"' i s hexameric ( f i g 21) whereas 

the more s t e r i c a l l y hindered MeCdSBu* i s tetrameric. 

Again f o r the t - b u t y l compound the cadmium compound i s less associated' 
o 

than the zinc analogue. No stoichiometric p y r i d i n e adducts are formed 

but the compound (MeCdSBu*)^ does r e t a i n p y r i d i n e to some extent a t 

room temperature. 

Mercury. 

The d i a l k y l - and diary1-mercurials are unaffected by water sind d i l u t e 

a c i d s , concentrated acids being r e q u i r e d to decompose them. Thus no 

compounds analogous t o the compounds of zi n c , cadmium and b e r y l l i u m 

p r e v i o u s l y discussed are formed. I t i s worth n o t i n g , however, t h a t 

organomercury alkoxides, are t r i m e r i c . 
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Hydrides of Group I I elements. 

Magnesium hydrides. 

Only the binary hydride of magnesium (MgH^) has been w e l l characterised 

although the l i t e r a t u r e contains a few references t o other hydrides e.g. 

HMgX (X = halogen) and RMgH (R = Et and Ph). 

The bi n a r y hydride, MgH^, represents a bo r d e r l i n e hydride i . e . on the 

b o r d e r l i n e between a t y p i c a l i o n i c s a l i n e hydride (NaH) and a t y p i c a l 

covalent metal hydride (AlH ) . 

The hydride has been prepared, i n varying degrees of p u r i t y , by 

several d i f f e r e n t methods. H i s t o r i c a l l y , i t i-zas f i r s t prepared by the 

p y r o l y s i s of diethylmagnesium, "̂ ^̂  which loses ethylene a t 170° and by the 

p y r o l y s i s of ethylmagnesium i o d i d e a t 175°C. This method has been 

i n v e s t i g a t e d by l a t e r workers''^^'''''^'^''''''^ who e s s e n t i a l l y confirmed 

these r e s u l t s , 

Et^Mg or (EtMgl) 7^-^80 ̂  ^^^^ ^ ^C^H^ 

I t was found t h a t some other r e a c t i o n was ta k i n g place during the 
171 

p y r o l y s i s , as the gas evolved contained 20^ ethane and a white 

c r y s t a l l i n e s o l i d sublimed from the p y r o l y s i s vessel. . This was given the 

formula MgC^H^ and thought to be a polymer of the type ( f i g 22.) 

(Mg . CH^ - CH^ - Mg - CH^ - CH^-)^ ^2.) 

I t v;as l a t e r shown, however, t h a t the compound was ethylmagnesium 
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139 ethoxide produced by cleavage of the ether present by diethylmagnesium 

Et^Mg + ^(C^H^)^ ^ ^ 2 ^ EtMgOEt + Ĉ Ĥ  

V a r i a t i o n of the a l k y l group attached t o the magnesium produced no 

general change i n the r e a c t i o n scheme except i n the case of phenyl when 

although diphenyl, benzene and a l i t t l e ethylene v/ere evolved the brown 

p y r o l y s i s residue gave no hydrogen on h y d r o l y s i s shov/ing t h a t no 
171 

magnesium hydride had been formed. 

The p r e p a r a t i o n of hydrohalides of magnesium (HMgX.xEt20, x < l ) by 

the hydrogenation of 0»5 - 1«0M s o l u t i o n s of ethylmagnesium halide a t 

100-150°C has been reported.'^'''^ The products v/ere i n s o l u b l e i n orgeaiic 

solvents but on s t i r r i n g w i t h aluminium c h l o r i d e i n b o i l i n g ether gave 

AlH^Cl by hydride/halide exchange. A l l other pyrolyses of alkylraagnesium 

h a l i d e s had given a mixture of magnesium hydride and magnesium halide from 

which the h a l i d e could be removed by e x t r a c t i o n w i t h d;her. 

The pr e p a r a t i o n of HMgX.2C^HgO as a c r y s t a l l i n e s o l i d has been reported. 

This was prepared by bubbling diborane through a s o l u t i o n of a Grignard 
reagent i n THE or ether, i n e i t h e r case the dietherate c r y s t a l l i s e d out. 

175 

La t e r work has shown t h a t these compounds are not the hydrohalides 

but halo-magnesiumborohydrides, formed as shown, 
THE 

3C2H^MgCl + 2B^E^ 3ClMgBH^ + ^(O^E^)^ 

from which ClMgBH^.2THF c r y s t a l l i s e s ; the compound i s a dimer i n benzene. 

17̂ + 
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The r e a c t i o n of dialkylmagnesiums w i t h diboranes can, under some 

c o n d i t i o n s , produce MgH^. The r e a c t i o n scheme i s complex and has been 
176 'I77 

i n v e s t i g a t e d by R. Bauer. ' DiethyImagneslum ( f r e e from aluminium) 

absorbs diborane a t room temperature, 
I I I 

MgEt 
Et^Mg + B ) MgH^(BEtH_)^ . , > 2EtHgH^BEtH 

£. C. O C. C. d. 2 6 

and t h i s r eacts w i t h more diethylmagnesium. This second r e a c t i o n can 

be reversed by r e a c t i o n w i t h diborane. Products I and I I are a i r 

s e n s i t i v e c o l o u r l e s s l i q u i d s , which decompose above 80°C, 

"A^^imtY^^^ » MgH^ + 2BEtH2 

EtMgH^BEtH » MgH^ + BEt^H. 

Products I and I I also r e a c t \in.th d i e t h y l b o r o n hydride, d e a l k y l a t i o n 

o c c u r r i n g , 

MgH2(BEtH2)2 + Et^BH » Mg(BH^)2 + 2BEt^ 

EtMgH^BEtH + eEt^BH » 2MgH2(BEtH2)2 + 'tEt^B 

V/hen trimethylaluminium i s present more complete d i s p r o p o r t i o n a t i o n i s 

catalysed g i v i n g ethylmagnesium borohydride and MgH2BEt^. Ethylmagnesium 

borohydride decomposes above 100°G t o give diethylmagnesium and magnesium 

borohydride v/hich recombine t o form MgH2, 

MgEt2 + Mg(BH^)2 > 2MgH2 + 2EtBH2 
or, i f s u f f i c i e n t diethylmagnesium i s present, 

Mg(BH^)2 + 3Et2Mg * k'Hig^^ + 2Et^B. 
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MgH^BEt^ decomposes above SO°C 

MgH^BEt^ MgH^ + BEt 3 

I f t r i e t h y l a l u m i n i u m i s added t o a stable s o l u t i o n of product I then 

r e a c t i o n occurs and the same products are obtained as i f aluminium v/ere 

present d u r i n g the r e a c t i o n of diethylmagnesium and diborane. Product I I 

reacts w i t h diborane t o produce magnesium borohydride and diethylboron 

hydride 

H R 
Et - Mg B 

H 
EtMg 

BH, 

B 
bh; 

R 

H 
Mg(BH^)2 + BR^H 

I f aluminium a l k y l s are present then magnesium borohydride i s formed a t 
250°C.^77 

A l k y l - h y d r i d e exchange has been used i n the preparation of magnesium 

hydride. The r e a c t i o n between diethylmagnesium and l i t h i u m aluminium 
178 

hydride has been shorn t o give products v/hich depend markedly on the 

r e a c t i o n c o n d i t i o n s . Thus on adding diethylmagnesium to an excess of 

l i t h i u m aluminium hydride i n ether no p r e c i p i t a t e forms even i n concentrated 

s o l u t i o n . A d d i t i o n of benzene gives a s o l i d of e m p i r i c a l formula 

MgAlH^.xEt^O, which could be HMgAlH^ or MgH^ + AlH^. I f the excess 

l i t h i u m aluminium hydride i s added t o the diethylmagnesium a white 

p r e c i p i t a t e i n i t i a l l y forms v/hich redissolves on standing and on 

r e p r e c i p i t a t i o n the s o l i d has an aluminium t o magnesium r a t i o greater than 
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1:1. Magnesium hydride, of about 75^ p u r i t y ( i m p u r i t i e s mainly ether 

v/ith some aluminium and some e t h y l groups) can be obtained only by the 

a d d i t i o n of an ether s o l u t i o n of l i t h i u m aluminium hydride t o a large 

excess of diethylmagnesium. 

Exchange also occurs between diethylmagnesium and diethylaluminium 
179 

hydride, g i v i n g magnesium hydride and t r i e t h y l a l u m i n i u m . The 

magnesium hydride obtained v;as ^7% pure, when r e a c t i o n was c a r r i e d out 

i n the absence of a solvent. 

Magnesium metal absorbs hydrogen d i r e c t l y a t high temperatures and 

pressures producing magnesium hydride.' A v a r i e t y of conditions have been 

used, and many c a t a l y s t s . Studies of the magnesium/hydrogen system''^*^''"^^^^ 

have shown t h a t f o r magnesium hydride t o be formed the decomposition 

pressure of the s o l i d must be less than the pressure of hydrogen used i n 

the system a t a given temperature. I f t h i s c o n d i t i o n i s met then the use 

of a hydrogen t r a n s f e r agent, Mgl^, as described i n the o r i g i n a l 

preparation,''^^ i s unnecessary. I f a c a t a l y s t , such as a mixture of 

a l l y l i o d i d e , propargyl bromide and iodine i s used, then magnesium hydride 

can be prepared under much milder c o n d i t i o n s , 5atm. hydrogen pressure and 

175°C, as opposed t o 70atm. hydrogen and 450°C without catalyst."^^"^ 

Hydrogen also reacts d i r e c t l y , underpressure, ^^^ith an ethe r e a l s o l u t i o n 

of a Grignard reagent producing magnesium hydride. ''̂ ^ 
Et 0 

2RMgX + 2H2 — ^ 2RH + MgX2 + MgH2 
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The p r o p e r t i e s of MgH^ vary w i t h the method of preparation, thus the 

product formed by d i r e c t union of the elements i s described as a grey 

s o l i d i n e r t t o a i r which reacts slowly w i t h water, while the magnesium 
171 

hydride prepared by p y r o l y s i s of a dialkylmagnesium i s s a i d t o 

r e a c t immediately i n a i r and t o catch f i r e on a d d i t i o n t o water. . This 

d i f f e r e n c e i n p r o p e r t i e s may be due simply t o the d i f f e r i n g p a r t i c l e 

'sizes of the magnesium hydride. 
The s t r u c t u r e of magnesium hydride has been shown by X-ray 

172 l80 
d i f f r a c t i o n ' t o be of r u t i l e type w i t h a Mg-H distance of 

O 0 0 
1«95A and u n i t c e l l dimensions, a = if517A, c = 3«020A, there being 

186 
two molecules i n the u n i t c e l l . A neutron d i f f r a c t i o n study of MgD^ 
has a l s o been c a r r i e d out. 

The i n f r a r e d spectrum of magnesium hydride has been studied iti 
-1 22 23 

the ifOO-5000 cm re g i o n . ' The only feature i s a very broad band 
-1 -1 

from 16OO-9OO cm w i t h a maximum a t II6O cm. I t i s thought t h a t the 

abs o r b t i o n i s due t o valence v i b r a t i o n s of the Mg-H bond and the 

f o l l o v / i n g s t r u c t u r e i s suggested. 

•1: ::, 
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The a v a i l a b l e evidence, however, does not r u l e out an i o n i c s t r u c t u r e 

f o r MgH2 as the Mg-H distances a v a i l a b l e can be f i t t e d both t o an i o n i c 

or covalent b r i d g i n g s t r u c t u r e . The actuail s i t u a t i o n no doubt l i e s 

between the tv/o extremes. 
187 

The r e a c t i o n between magnesium hydride and o l e f i n s gave products 

c o n t a i n i n g only about k% Mg-Et and traces of higher magnesium a l k y l bonds. 

A l l attempts t o prepare Et-MgH f a i l e d . A d d i t i o n of a c a t a l y s t , such 

as AlMe^, r a i s e s the amount of Mg-alkyl products about ^7%. The 

pr e p a r a t i o n of phenylraagnesium hydrides has been claimed by r e a c t i o n of 

phenylmagnesium bromide w i t h l i t h i u m aluminium hydride. V/hen the 

r a t i o of Grignard t o L i A l H ^ was 6:1 the product was Ph2Mg.PhI4gH.3Et20 
188 

w h i l e when the same r a t i o was 10:1 PhMgBr.PhMgH.5Et20 v/as i s o l a t e d . 

Ethoxyraagnesium hydride has been prepared by bubbling s i l a n e i n t o 

an e t h e r e a l s o l u t i o n of diethylmagnesium. The suggested r e a c t i o n i s , 

yMgR2 + SiH^ > yHMgR + SiH^^^^Ry 

HMgR •+ Et20 > HMg0G2H^ + Ĉ Ĥ ^ 

Ethoxymagnesium hydride i s an i n s o l u b l e s o l i d . ' 

Hydrides of other Group I I elements. 

B e r y l l i u m hydrides. 
The binary hydride BeH2 has been obtained i n varying degrees of 

189 
p u r i t y by a v a r i e t y of methods. P y r o l y s i s of d i - t - b u t y l b e r y I l i u m 

190 
etherate gives a product c o n t a i n i n g 96*5 mole per cent BeH2 and the 
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p u r i t y has been improved (98*0 mole per cent BeH2) by the use of ether 
t 191 

f r e e Bu ^e. A product, c o n t a i n i n g 99*5 mole per cent BeH2 has been 

made by removing BH^ from Be(BH^)2 w i t h triphenylphosphine. 
2Ph,P + Be(BH, ) ^ i 2Ph,PBH, + BeH^ 

P 4 2 5 3 2 
The a c t i o n of l i t h i u m aluminium hydride on ethereal dimethyIberyllium 

78 
gives BeH2 which r e t a i n s a good deal of ether and also some 

191 
aluminium and ether. 

IO5 106 129 

A l k a l i metal hydrides r e a c t w i t h d i a l k y l - and d i - a r y l b e r y l l i u m ' 

compounds t o give complexes of the type MBeR2H (M = Na, R = Me and Et; 

M = L i , E = Et, Ph). D i - t - b u t y l b e r y I l i u m etherate, however, reacts 
t 98 

v/ith sodium hydride to give the 1:2 compound Na(Bu 2Be)2H.0Et2. 

The rea c t i o n s i n v o l v i n g NaH are generally easier to carry out. 

Both sodium h y d r i d o d i e t h y l b e r y l l a t e and the corresponding l i t h i u m compound 

c r y s t a l l i s e w i t h one molecule, of ether per sodium ( l i t h i u m ) atom, although 

the ether i s e a s i l y removed a t low pressures ( d i s s o c i a t i o n pressure of 

17 mm. a t 25°C)^°^ X-ray d i f f r a c t i o n has shoivn t h a t NaBeEt2H.0Et2 has 
193 

the s t r u c t u r e shown ( f i g . 2h). 



- 68 -

The s t r u c t u r e shows the existence of Et^Be2H2 u n i t s w i t h the 

b e r y l l i u m atoms l i n k e d by hydrogen bridges. The sodium hydrogen distance 
o 

i s 2«^0A, equal t o t h a t i n sodium hydride. 

E t h e r e a l l i t h i u m h y d r i d o d i e t h y I b e r y l l a t e ' r e a c t s w i t h a h a l f molar 

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

g i v i n g a b e r y l l i u m hydride^Et^Be^H^ v/hich i s l e f t as a viscous l i q u i d on 
105 

evaporation of the s o l v e n t . This r e a c t i o n has been more f u l l y 
106 

i n v e s t i g a t e d f o r other systems and i n each case the species l e f t i n 

s o l u t i o n has the approximate composition R^Be^H^ (R = He, E t ) . 

Evaporation of the solvent from an etherea l s o l u t i o n of'Me^Be^H^' gives an 

o i l y residue of approximate composition -Mei^Be^H^.OEt^ which i s regarded 

as an e l e c t r o n d e f i c i e n t complex of the type ( f i g 25 . ) 

A d d i t i o n of donor molecules to^'P^Be^H^' s o l u t i o n s causes them t o 

behave as mixtures of R^Be and RBeH, thus a d d i t i o n of trimethylamine 

gives Me^Be.NMe^ and the hydride complex RBeH.NMe^ which can be separated 
19^ 

by f r a c t i o n a l s u b l i m a t i o n . The pure hydride complex i s dimeric i n benzene 
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and the normal Trouton constant (21*1 , from vapour pressure data) 
suggests t h a t , a t l e a s t up t o 110°C, the molecules i n the vapour are 
mainly dimeric. The compound i s formulated \^dth hydrogen r a t h e r 
than methyl bridges as i t i s not decomposed by an excess of 
trimethylaraine which r e a d i l y breaks the methyl bridges i n dimethyl-
b e r y l l i u m ( f i g 2 6 ) . 

MegN m.mq 
Be-:- ;.::':-,.Be 

;;.NMeg 

V Fig .. 26 

A study of the i n f r a r e d spectra of MeBeH.NMe^ and various deuterated 
106 

species provides f u r t h e r evidence f o r the above f o r m u l a t i o n , 

t e r m i n a l Be-H may be expected t o cause an absorbtion near 2100 cm 

A 
- 1 

whereas the absorbtions due t o BeH2Be, by analogy t o diborane aind the 

al k y l d i b o r a n e s , may be expected a t approximately I9OO cm ^^ - j ^ ' 

symmetrical out of phase) and I6OO cm ^ ^ l - ^ ' asymmetric i n phase). 
— 1 —1 

Accordingly a peak a t ']^kk cm" (1020 cm" i n (MeDBe.Me^)2) has been 

assigned t o a BeH2Be v i b r a t i o n . On heating a sample of (MeBeH.NMe^)2 

to 8 0 ° an absorbtion occurs a t 214l cm which i s assigned to terminsil 

Be-H i n monomeric MeBeH.NMe^. I n the compounds Na2Be2Me^H2 and 
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Na^Be^Et^H^ v/hich are known t o possess BeH^Be bridges i n f r a r e d absorbtions 

due t o t h i s group have been i d e n t i f i e d a t 1300-1'+00 and IO6O-II7O cmT'' 

The p.m.r. spectra of (EtBeH.NMe^)^ and (MeBeH.NMe^)^ and of some 
3 2 3 2 

deuterated species i n cyclohexane provide evidence f o r the existence 

of c i s - t r a n s isomerism about the BeH^Be bridge. Thus the 

resonance due t o the NpCH^ protons i n the above compounds i s s p l i t a t 

25°C and the r e l a t i v e i n t e n s i t i e s of the two peaks varies w i t h 

temperature, and the peaks coalesce a t about kO°C. Calculations 

show t h a t t rans isomer i s more st a b l e a t high temperatures. 

The p.m.r. spectra of other dimeric hydride complexes (Et^OMeBeH)^ 

and (pyMeBeH)^ are c o n s i s t e n t w i t h the compounds being e i t h e r a s i n g l e 

geometrical isomer or a mixture of r a p i d l y i n t e r c o n v e r t i n g c i s and 

trans forms. 

Attempts t o prepare monomeric complexes L^BeMeH of MeBeH by the 

use of c h e l a t i n g donors have not been successful. N,N,WjN'-tetra-

methylethylenediamine w i t h Me^Be^H^ gives the known Me^Be complex and a 

white amorphous i n s o l u b l e substance liEeBeE)^^e^i^C^^lMe^l^, the 

BeH^Be bridge i s s t i l l present and the complex has been formulated, 

a c c o r d i n g l y ( f i g 27). 

• • > r , ^ - :>a^r . 'ou_.-_--r !H« Be • Be . 
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1,2-Dimethoxyethane gives a s i m i l a r product. 

E t h y l b e r y l l i u m hydride may be produced by h y d r i d e / a l k y l exchange 

e.g. Et^Be + Et^SnH > Et^Sn + EtBeH 

The e t h y l b e r y l l i u m hydride has been characterised by i t s t r i m e t h y l -
105 

amine complex. The trimethylamine complex has also been prepared by 
+u ^ • 98 the reactxon sequence 

NaBEt^H + EtBeCl f NaCl + EtBeBEt^H 

EtBeEt^BH + 2Me^ * EtBeHNMe^ + Et^B:NMe^ 

The trimethylphosphine complex of phenylberyllium hydride has been 
101 

prepared i n a s i m i l a r manner. 

The simplest method of mald.ng a l k y l b e r y l l i u m hydrides i s by r e f l u x i n g 

an e t h e r e a l s o l u t i o n of a l k y l b e r y l l i u m bromide (R = Me, Et, Ph; from 

R^Be + BeBr^) w i t h l i t h i u m hydride.''.^^ 
LiH + RBeBr * L i B r + EtBeH 

The ether i s evaporated under reduced pressure p r e c i p i t a t i n g l i t h i u m 

bromide and a d d i t i o n of benzene completes t h i s process l e a v i n g the 

a l k y l b e r y l l i u m hydride i n s o l u t i o n as an ether complex. 

Heating the s o l i d residue from'Me^Be^H^ s o l u t i o n s a t reduced pressure 

causes su b l i m a t i o n of dimethyIberyIlium from the mixture but there i s no 

i n d i c a t i o n of a pause a t a stage corresponding t o a residue of methyl-

b e r y l l i u m hydride. Extensive d i s p r o p o r t i o n a t i o n occurs a t 170-210° u n t i l 
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the hydride:methyl r a t i o i s a l i t t l e more than 10 :1 . 

"^n^^(n/2W2)^m — * %-2^^n/2W2-l)^m ^ ^ ^ 2 ^ ^ 

Heating Et^Be^H^ f o r 8 hours a t 7 0 - 8 0 ° leaves a glassy residue 

c o n s i s t i n g mainly of e t h y l b e r y l l i u m hydride. I f a s o l u t i o n of sodium 

h y d r i d o d i e t h y l b e r y l l a t e i s prepared from excess sodium hydride and 

d i e t h y l b e r y I l i u m and a h a l f molar p r o p o r t i o n of b e r y l l i u m c h l o r i d e i s 

added w i t h o u t removing excess sodium hydride, then more sodium hydride 

dissolves and the f i l t r a t e contains a mixture of Et^Be^H^ and NaBeEt2H. 

P y r o l y s i s of t h i s mixture a t l 8 0 ° leaves a residue of BeH2(5 mol.) + 

Na^Be_H^(3 mol.) or BeH^(8 mol.) + Na_BeH,(3 mole.). Further evidence 

f o r an ether i n s o l u b l e sodium b e r y l l i u m hydride i s obtained by b o i l i n g 

e t h e r e a l s o l u t i o n s of Et^Be^H^ w i t h excess sodium hydride. The Et:H r a t i o 

i n s o l u t i o n i s always a t l e a s t 2:1 but NaEt^BeH i s i s o l a t e d from the 

s o l u t i o n shov/ing the sodium hydride has dissolved and t h a t hydride has 

l e f t s o l u t i o n as b e r y l l i u m hydride or as a complex sodium s a l t . 

Ether i n s o l u b l e l i t h i u m s a l t s of the type nLiH.BeH^ have been reported. 

The ether i n s o l u b l e hydride Na^BeH^ has now been prepared. 

ifNaEt^BeH + BeCl^ » 2NaCl + "Na Be^EtnH," 
2 2 2 5 0 4 

Na^Be^EtgH^ > ^Et^Be' + Na^BeH^ 

The i n v o l a t i l e residue shov/s a c l e a r X-ray d i f f r a c t i o n p a t t e r n . 

I t i s more stable thermally than b e r y l l i u m hydride and i s regarded as an 

e l e c t r o n - d e f i c i e n t polymer w i t h p o l a r i s e d metal-hydrogen bonds r a t h e r 
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than a s a l t Na^CBeH^] analogous t o NaBH^. 

E t h y l b e r y l l i u m hydride reacts w i t h various unsaturated compounds, 
196 

a d d i t i o n of hydride across the double bond t a k i n g place. A d d i t i o n 

across carbonyl and azomethine groups i s r a p i d a t room temperature. 

Thus methylberyIlium hydride and benzaldehyde form tetrameric 

m e t h y l b e r y l l i u m benzyl oxide (MeBeOCH^Ph)^. Methylberyllium 

hydride and benzophenone i n ether s o l u t i o n give the ether complex 

Me(Et20)BeOCHPh2. Reaction between methylberyllium hydride and 

benz y l i d e n e a n i l i n e r a p i d l y produces N,N'-phenylbenzyl(methyl)beryllium 

which i s dimeric i n benzene s o l u t i o n , / 
Me 

2MeBeH + 2PhCH=NPh > PhCH2(Ph)N N(Ph)CH2Ph 
^ B e * ^ 

Me 

The a d d i t i o n of o l e f i n s t o what e f f e c t i v e l y was an a l k y l b e r y l l i u m 
198 

hydride s o l u t i o n has been described i n the patent l i t e r a t u r e . 

Recently i t has been shown t h a t t e r m i n a l o l e f i n react f a i r l y r e a d i l y 

w i t h a l k y l b e r y l l i u m hydrides. The reactions were follov/ed by p.m.r. 

methods and the f o l l o w i n g degree of r e a c t i v i t y w i t h e t h y l b e r y l l i u m 
196 

hydride was observed, Pent-1-ene» pent-2-ene. 

Bromination of the product from e t h y l b e r y l l i u m hydride and 

pent-2-ene shows t h a t m i g r a t i o n of the b e r y l l i u m to the end of a carbon 

chain occurs as 1-bromopentane i s produced. Beryllium hydride i n the 

presence of a small amount of e t h y l b e r y l l i u m hydride reacts 
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q u a n t i t a t i v e l y v/ith pent -1-ene a t 8k° a f t e r l 6 0 hours. 

I s o - p r o p y l b e r y l l i u m hydride has been prepared by the p y r o l y s i s 

of d i - i s o - p r o p y l b e r y l l i u m a t 200°C and the corresponding trimethylamine 

complex by p y r o l y s i s of Pr^^^e.NMe^.''^'^ I t i s probable t h a t t e r t -

b u t y l b e r y l l i u m hydride has been produced as a viscous l i q u i d by the 

c o n t r o l l e d p y r o l y s i s of d i - t e r t - b u t y l b e r y l l i u m hydride but t h a t 

i s o m e r i s a t i o n occurs during the p y r o l y s i s g i v i n g a mixture of i s o -
8k 

b u t y l - and t e r t - b u t y l b e r y l l i u m hydride. P y r o l y s i s of the d i - t e r t -

b u t y l b e r y I l i u m complex w i t h t e t r a m e t h y l t e t r a z i n e (TI«IT) a t 90°C gives 

Bu*2^e. Me2M=NNMe2. Bu^BeH. 

P y r o l y s i s of dimethylamino(isopropyl)beryllium a t 100°C gives 

dime thylaminoberyIlium hydride (Mê NBeH).'̂ '̂ '̂  A similair type of 

compound i s produced by the r e a c t i o n of b e r y l l i u m hydride w i t h an 

equiraolar q u a n t i t y of N,N,N'-trimethylethylenediamine i n hydrocarbon 

s o l u t i o n . The c r y s t a l l i n e compound HBeN(Me)C2H^Me2 i s t r i m e r i c i n 
98 199 benzene and p r e l i m i n a r y X-ray data show t h a t the c r y s t a l i s t r i c l i n i c . 

Reaction of b e r y l l i u m hydride \^rith other compounds containing a c i d i c 

hydrogen ( 2-dimethylarainoethanol, 2-diraethylaminoethanethiol, t e r t - b u t a n o l , 

iso-propylamine) does not r e s u l t i n the formation of a hydride d e r i v a t i v e . 

Dimethylaraine gives a viscous l i q u i d which analyses as Be(NMe2)2'(HBeNMe2)?^ 

The reactions of bis-(dimethylamino)beryllium w i t h some a l k y l -

aluminium hydrides, trimethylamine-alane and trimethylaluminium have been 

i n v e s t i g a t e d . Dimethylamino-hydride exchange i s complete i n the cases 
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i n v e s t i g a t e d , but no methyl-dimethylamino exchange i s described.^"^"^ 

Hydrides of z i n c , cadmium and mercury. 

Zinc and cadmium hydrides can be prepared by r e a c t i o n of dimethyl-

metals w i t h l i t h i u m aluminium hydride a t low temperatures. 

me^ + 2LiAlH^ > + 2'LiAlH^X' 

The nature of the ailuminium compound, which remains i n s o l u t i o n , 

i s imknown. I n the case of z i n c , zinc iodide may be used. A l a t e r 
201 

study of the zinc i o d i d e r e a c t i o n w i t h l i t h i u m aluminium hydride, 

by conductimetrie t i t r a t i o n , showed two d i s c o n t i n u i t i e s i n the 

t i t r a t i o n curve a t Znl2:LiAlH^ r a t i o s of ^ 1 and ^ : 1 . The 

c o n d u c t i v i t y rose towards the f i r s t p o i n t and f e l l towards the second, 

l e a d i n g t o the i n t e r p r e t a t i o n . 
if L i A l H ^ + Z n l ^ = Li^CZnCAlH^)^] 

+Znl2 

2Zn(AlH^)2 + 2 L i I 

ZnH^ + 2AlH^(in s o l u t i o n ) . 

The c o n d u c t i v i t y curve showed f u r t h e r reactions between the 

L i / A I H ^ / I species and Z n l ^ . 

Zinc and cadmium hydrides are white, n o n - v o l a t i l e , i n s o l u b l e 

m a t e r i a l s which decompose a t normal temperatures, zinc hydride slowly 

and cadmium hydride r a p i d l y a t 0°C, g i v i n g the metals and hydrogen. 
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Alkyl-hydrogen exchange takes place between d i e t h y l z i n c and 

diethylcadmiujD v/ith diethylalurainium hydride but no metal hydrides 
179 

were i s o l a t e d . 

Evidence f o r the existence of methylzinc hydride i s reported i n 

the observations t h a t zinc hydride dissolves i n ether containing a large 

excess of dimethylzinc.^^"^ Attempts t o i s o l a t e t h i s compound by the 

e q u i l i b r a t i o n of equimolar q u a n t i t i e s of l i t h i u m aluminium hydride 

and dimethylzinc-trimethylamine, and between d i e t h y l z i n c and 

trimethylstannane f a i l e d . The former gave zinc hydride and the l a t t e r 

z i n c , ethane and h e x a e t h y l d i - t i n and t e t r a e t h y l t i n . Attempts t o 

repeat the d i s s o l u t i o n of zinc hydride i n etherea l dimethylzinc also 
111 

f a i l e d . 

Diborane reacts w i t h dimethylzinc forming methylzinc borohydride 

and zinc hydride, not (HZnBH^)^ as pr e v i o u s l y reported. 

2Me^Zn + B * MeZnBH, + ZnH^ + Me^B 
d do 4 d ^ 

111 

The methylzinc borohydride i s a v o l a t i l e c r y s t a l l i n e s o l i d . 

Zinc hydride reacts v/ith N,N,N'-trimethylethylenedia]i!ine 

l i b e r a t i n g hydrogen and forming HZnN(Me)C2H^NMe2) a c r y s t a l l i n e complex 
98 

which i s diraeric i n benzene s o l u t i o n . 

Anionic hydride complexes of zinc are knov/n. L i t h i u m hydride 

d i s s o l v e s i n an e t h e r e a l s o l u t i o n of diphenylzinc and the complex 

etherate LiZnPh2HnOEt2 can be c r y s t a l l i s e d . D i e t h y l z i n c and zinc c h l o r i d e 

form 2:1 complexes NaCZnX^)^^ (X = CI or Et) v/ith sodium hydride i n 
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20if 
monoglyme or diglyme, but not i n ether'solvents. Attempts t o 

204 

i s o l a t e these compounds l e d t o decomposition. These compounds 

are s i m i l a r t o the b e r y l l i u m complex hydride [Na(Bu^Be)2H]^. 

Attempts to prepare mercury hydride by a l k y l - h y d r i d e exchange 

have g e n e r a l l y f a i l e d , even a t low temperatures, only mercury and 

hydrogen being produced. A s o l i d supposed t o be mercury hydride 

has been prepared a t -135° by V/iberg and Henle. This decomposed 

r a p i d l y above -90°C. 

Diethylaluminium hydride and diethylmercury react i n the absence 

of a s o l v e n t g i v i n g mercury, hydrogen and ethane. The presence of 

ethane i n the gas mixture was taken t o i n d i c a t e the t r a n s i t o r y formation 
179 of ethylmercury hydride. 

Et2Hg + AlEt^H > A l E t ^ + EtHgH 

^•^^?) A l E t ^ + HgH^ -> Hg + H^ 

Hg + EtH 

Et^Hg + Hg + H^ 

The r e a c t i o n of e t h y l b e r y l l i u m hydride-trimethylaraine and 

diethylmercury i n the absence of solvent r e s u l t e d i n q u a n t i t a t i v e 

e v o l u t i o n of ethane, and the formation of d i e t h y I b e r y l l i u m - t r i m e t h y l 

amine and mercury. 

(EtBeH:NI4e^)2 + 2Et2Hg » 2Hg + 2C^E^ + 2Et2Be:Me^ 

These r e s u l t s are not compatible v/ith an ethylmercury hydride 
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101 i n t e r m e d i a t e . 

The decrease i n s t a b i l i t y of the binary hydrides of Group I I 

metals w i t h i n c r e a s i n g molecular weight i s very marked. 



EXPERIMENTAL 
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Apparatus and Techniques. 

Most of the corapoiuids studied were s e n s i t i v e t o both oxygen and 

moisture and therefore almost a l l the work v/as c a r r i e d out i n an 

atmosphere of oxygen- and moisture-free n i t r o g e n . 

The n i t r o g e n was B.O.C. 'White Spot' v/hich was f u r t h e r p u r i f i e d 

by passing over heated copper, t o remove the l a s t traces of oxygen, 

and through a molecular sieve and a l i q u i d n i t r o g e n t r a p , to remove 

the l a s t traces of water. 

The compounds used v/ere u s u a l l y not v o l a t i l e enough to be handled 

on a vacuum l i n e and were gen e r a l l y prepared and p u r i f i e d i n a double-

limbed Schlenk tube. Whenever possible the a i r s e n s i t i v e materials 

were t r a n s f e r r e d under n i t r o g e n on the bench, when t h i s v/as not possible 

m a t e r i a l s v/ere handled i n a n i t r o g e n - f i l l e d glove box f i t t e d v/ith a 

r e c i r c u l a t i n g gas p u r i f y i n g system. The n i t r o g e n i n the box was-

continuously recycled, using a small mechanical pump, passing through 

two heated (350°C) copper towers and a l i q u i d n i t r o g e n t r a p . A l l 

connections were made using e i t h e r copper or b u t y l rubber tubing. The 

gloves were of the 'Buta-sol' type v/ith a low p e r m e a b i l i t y t o both oxygen 

and moisture.• 

The vacuum apparatus used had tv/o main sections. ( i ) F r a c t i o n a t i o n 

t r a i n - c o n s i s t i n g of three U-traps connected by mercury f l o a t valves, i n 
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which v o l a t i l e compounds could be p u r i f i e d . ( i i ) Gas analysis system -

gases which were not condensable by l i q u i d n i t r o g e n were measured by 

using a Topler pump and gas b u r e t t e . Condensable gases were measured 

by a c a l i b r a t e d bulb system attached to a manometer. Gaseous mixtures 

were analysed by the use of a combustion bulb which could be attached 

t o the gas ana l y s i s system. F a c i l i t i e s were also a v a i l a b l e f o r 

a t t a c h i n g an i n f r a - r e d gas c e l l t o the apparatus. 

I n f r a - r e d spectra. 

I n f r a - r e d spectra were recorded using e i t h e r a Grubb-Parsons 

"Spectromaster" or GS2A pr i s m - g r a t i n g spectrophotometer, both of v/hich 

had a range of kOOO-kOO cm. Routine lov; r e s o l u t i o n spectra v;ere 

recorded on a Perkin Elmer ' I n f r a c o r d ' w i t h a 4000-666 cm range. 

The spectra of s o l i d compounds were generally recorded as n u j o l 

mulls pressed between KBr discs and, where s o l u b i l i t y allowed, as a 

s o l u t i o n i n 'Spectrosol' cyclohexane using a compensated c e l l . 

Nuclear magnetic resonance spectroscopy. 
11 

Proton and B resonance spectra were recorded on a Perkin Elmer RIO 
spectrometer operating a t 33*5°C, and 60 Mc/s f o r protons and 19*75 Mc/s 

11 
f o r B n u c l e i . Chemical s h i f t s were measured r e l a t i v e to te t r a m e t h y l -

11 

s i l a n e , or benzene f o r protons and t r i m e t h y l b o r a t e f o r B n u c l e i . 

Variable temperature studies were c a r r i e d out on a A.E.I. RS2 

spectrometer operating a t 60 Mc/s. 
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Analyses. 

Magnesium analyses. 

A f t e r a study of the various knoi^m methods' f o r the determination of 

magnesium (as pyrophosphate, c o l o j f r i m e t r i c a l l y using T i t a n Yellow, flame 

photometry) the metal was determined v o l u m e t r i c a l l y using EDTA and 

eriochrome black T. The main i n t e r f e r e n c e encountered was organic matter 

which v;as removed by fuming w i t h concentrated n i t r i c a c i d . li/hen sulphur 

compounds, t h i o l s , were used concentrated n i t r i c a c i d d i d not remove the 

i n t e r f e r e n c e . I t was found, however, t h a t the t h i o l could be removed by 

pumping an ac i d s o l u t i o n almost to dryness. 

The magnesium determination was c a r r i e d out using an 'Eel' t i t r a t o r . 

A l i q u o t s of the magnesium s o l u t i o n (10 mis. containing about 5x10~^ moles 

of magnesium) were n e u t r a l i s e d w i t h d i l u t e sodium hydroxide, buffered t o 

pH 10 using an ammonia/ammonium c h l o r i d e b u f f e r (5 mis.) and a f t e r a d d i t i o n 

of the i n d i c a t o r ^ 1 0 drops) t i t r a t e d w i t h 0«01M EDTA. The i n d i c a t o r 

s o l u t i o n consisted of 0»1g. of eriochrome black T dissolved i n 14 mis. 

of d i s t i l l e d water and 6 mis. of propanol. A f r e s h i n d i c a t o r s o l u t i o n 

was prepared d a i l y . 

A t y p i c a l p l o t of mis. of EDTA added against galvanometer reading i s 

shown i n f i g . 2 8 . I t was found by studies on standard s o l u t i o n s t h a t the 

best end p o i n t was obtained by using the c o n s t r u c t i o n shown, i n f i g u r e 28» 
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Gas analyses. 

Compounds which evolved gas on h y d r o l y s i s were analysed by adding 

'degassed' 2-raethoxyethanol t o a weighed sample contained i n a f l a s k 

attached t o the vacuum system p r e v i o u s l y described. The samples were 

i n i t i a l l y h e l d a t l i q u i d n i t r o g e n temperature, allowed t o warm t o room 

temperature and the h y d r o l y s i s completed by the a d d i t i o n of d i l u t e (2N) 

s u l p h u r i c a c i d . Unless the h y d r o l y s i s i s c a r e f u l l y c o n t r o l l e d some 

carbon i s formed r e s u l t i n g i n low values f o r the amount of hydrolysed 

gas. A f t e r f r a c t i o n a t i o n and measurement the gases were i d e n t i f i e d 

e i t h e r by t h e i r vapour pressure a t l i q u i d n i t r o g e n temperature or more 

u s u a l l y by t h e i r i n f r a - r e d spectrum. A l l gas volumes were corrected to 

N.T.P. 

Mixtures of methane and hydrogen were determined by combustion w i t h 

an excess of oxygen followed by measurement of the carbon dioxide produced 

which could be simply separated from the other product, water, and the 

excess of oxygen. The amount of carbon dioxide produced i s equivalent 

t o the amount of methane present i n the i n i t i a l mixture. 

Halide analyses. 

Halide determinations were c a r r i e d out i n the a n a l y t i c a l s e c t i o n of 

the department, gen e r a l l y on the a c i d s o l u t i o n s a v a i l a b l e a f t e r the 

determination of magnesium. The method used depended on the release of 

h y d r o x y l i o n s , equivalent t o the h a l i d e present, on the a d d i t i o n of mercury 
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oxycyanide, 

Hg(0H)(CN) + C l " > Hg(CN.)Cl + OH" 

Amine analyses. 

V o l a t i l e amines were estimated by steam d i s t i l l a t i o n from an a l k a l i n e 

s o l u t i o n of the amine i n t o an excess of standard a c i d . The excess acid 

was determined by t i t r a t i o n w i t h standard a l k a l i . 

Boron analyses. 

Whenever possible boron was determined as b o r i c acid by t i t r a t i o n m.th 

standard a l k a l i , i n the presence of mannitol using a methylene blue 

i n d i c a t o r . Organoboron compounds were converted i n t o boric a c i d by 

making a cooled ' s o l u t i o n ' of them a l k a l i n e w i t h 3N sodium hydroxide and 

adding approximately 3 mis. of 100 volume hydrogen peroxide. The s o l u t i o n 

was l e f t f o r one hour t o complete the o x i d a t i o n and then the excess 

hydrogen peroxide destroyed w i t h a small amount of platinum black. 

I t was found t h a t magnesium i n t e r f e r e d with the boron t i t r a t i o n and 

the f o l l o w i n g procedure was adopted. A weighed sample v/as placed i n a 

two necked f l a s k under n i t r o g e n and cooled t o l i q u i d n i t r o g e n temperature. 

Dry methanol was added t o the f l a s k which was allowed to warm up. The 

f l a s k was cooled again i n l i q u i d n i t r o g e n and a few drops of concentrated 

s u l p h u r i c a c i d c a r e f u l l y added. The f l a s k was connected to a d i s t i l l a t i o n 

apparatus and the boron d i s t i l l e d from the s o l u t i o n as trimethoxyborane 

v/hich was l e d i n t o d i s t i l l e d water where i t immediately hydrolysed t o boric 
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a c i d . The b o r i c a c i d v;as determined i n the usual manner. 

BR^ + 3MeOH B(OMe) + 3RH 

IĤ O 

-> B(OH)^ + 3MeOH 

Sodium and l i t h i u m . 

Sodium and l i t h i u m were estimated using an 'Eel' flame photometer 

Mark I I , c a l i b r a t e d w i t h standard sodium or l i t h i u m s o l u t i o n over a 

con c e n t r a t i o n range i n which the c a l i b r a t i o n curves were l i n e a r , i . e . 

from 0-001 t o O-Olg. of a l k a l i metal per l i t r e . 

Molecular weight measurements. 

Molecular weights were determined c r y o s c o p i c a l l y i n 'Analar' benzene 

which had been c a r e f u l l y d r i e d w i t h sodium wire and c a l i b r a t e d w i t h 

sublimed diphenyl. A l l molecular weight determinations v/ere c a r r i e d out 

under a s t a t i c n i t r o g e n atmosphere. 

P u r i f i c a t i o n of solvents and preparat i o n of s t a r t i n g m a t e r i a l s . 

Solvents. 

The f o l l o w i n g solvents were d r i e d by standing over sodium wire - d i e t h y l 

e t h e r, pentane, hexane, methylcyclohexane, benzene, toluene and xylene. 

1,2-Dimethoxyethane and te t r a h y d r o f u r a n . 

These solvents were p u r i f i e d and d r i e d by d i s t i l l a t i o n from l i t h i u m 

aluminium hydride immediately p r i o r t o use. 



- 85 -

1,^Dioxan. 
/ 

Dioxan was a v a i l a b l e as the ' t e c h n i c a l ' grade and required extensive 

p u r i f i c a t i o n . 'Technical' dioxan (200 mis.) was r e f l u x e d w i t h 200 mis. of 

IN h y d r o c h l o r i c a c i d f o r Zk hours, w i t h n i t r o g e n continuously blowing 

through the apparatus t o remove the large amount of acetaldehyde produced. 

Stannous c h l o r i d e (0«2g) was added, to remove peroxides, auid the dioxan 

• separated from the aqueous l a y e r and d i s t i l l e d ( b . p t . 88°C). The 

d i s t i l l e d dioxan v/as then r e f l u x e d w i t h sodium f o r 6 hours and d i s t i l l e d 

from molten sodium. More sodium was added and the dioxan r e f l u x e d again 

u n t i l a blue colour developed on a d d i t i o n of benzophenone. The dioxan 

was d i s t i l l e d and stored over sodium w i r e . 

Amines. 

A l l amines were e i t h e r a v a i l a b l e i n the pure s t a t e or were p u r i f i e d 

by d i s t i l l a t i o n from an appropriate d r y i n g agent. 

Alcohols. 

Alcohols v/ere normally p u r i f i e d by d i s t i l l a t i o n a f t e r r e f l u x i n g v/ith 

magnesium t u r n i n g s or magnesium hydride. 

T h i o l s . 

The t h i o l s v;ere normally a v a i l a b l e i n a pure dry s t a t e . N,N-

Dimethylaminoethanethiol was prepared from the corresponding hydrochloride 

by a d d i t i o n of less than one molar equivalent of sodium hydroxide to an 

aqueous s o l u t i o n . The t h i o l was e x t r a c t e d \idth ether and p u r i f i e d by 
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f r a c t i o n a l d i s t i l l a t i o n follov/ed by a f i n a l d i s t i l l a t i o n . 

Grignard reagents. 

These were prepared by the standard procedure from a l k y l bromides 

and magnesium tur n i n g s i n d i e t h y l ether or tetrahydrofuran . The y i e l d s 

obtained v a r i e d \^dth the nature of the organic group - MeMgBr, EtMgBr 

(80-90^); Pr^MgBr (60-70^); Bu^MgCl (50-60%). The drop i n y i e l d i s 

due mainly t o the formation of magnesium h a l i d e v i a a coupling r e a c t i o n . 

Magnesium bromide was prepared i n an analogous manner using 

1,2-dibromoethane and magnesium t u r n i n g s . 

Dime thyIme rc ury. 

DimethyImercury was prepared by r e a c t i o n of mercuric c h l o r i d e w i t h 

two molar equivalents of methylmagnesium bromide. The product was 

separated from ether by f r a c t i o n a l d i s t i l l a t i o n and f i n a l p u r i f i c a t i o n 

e f f e c t e d by d i s t i l l a t i o n , b.pt. 92-93°/760mm. Y i e l d GG%. 

Diethylmercury. 

Diethylraercury was prepared by a s i m i l a r method t o t h a t o u t l i n e d f o r 

dimethyImercury. An 80?^ y i e l d was obtained on a two molar scale. Et^Hg 

b.pt. 152°/760mm. 

Diphenylmercury. 

This was obtained by the redu c t i o n of phenylmercury c h l o r i d e 

( a v a i l a b l e commercially) w i t h hydrazine hydrate i n r e f l u x i n g methanol. 
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The product was p u r i f i e d by c r y s t a l l i s a t i o n as colourless needles 

(m.pt. 12^125°C) from methanol. Y i e l d 8^%. The compound v;as stored 

i n the dark as i t deposits mercury on exposure t o l i g h t . 

T r i e t h y l b o r o n . 

Tributoxyborane was prepared by r e f l u x i n g n-butanol w i t h boric a c i d 

and p u r i f i e d by d i s t i l l a t i o n . 

B(OH)^ + 3Bu^0H ) B(0Bu")^ + 3^^0 

T r i e t h y l a l u m i n i u m was slowly added t o the tributoxyborane, w i t h 

s t i r r i n g and t r i e t h y l b o r a n e b.pt. 96°C v;as d i s t i l l e d from the mixture 

through a s h o r t f r a c t i o n a t i n g column. Y i e l d 100^. 

Sodium t r i e t h y l b o r o n hydride. 

T r i e t h y l b o r o n i n ether s o l u t i o n v/as added dropwise t o a r e f l u x i n g , 

v i g o r o u s l y s t i r r e d suspension of sodium hydride i n d i e t h y l ether. The 

sodium hydride r e a d i l y dissolved producing sodium t r i e t h y l b o r o n hydride. 

Et 0 
NaH + Et^B — - — > .NaBEt^H 

The e t h e r e a l s o l u t i o n was standardised by a complete analysis, f o r 

hydrolysable hydrogen, boron and sodium. 

Trime thy l b oron. 

Trimethylaluminium (l0.3g) was run i n t o a 500 ml., two-necked f l a s k 

f i t t e d w i t h a dropping f u n n e l and attached t o the vacuum system. T r i -
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butoxyborane was slov/ly added and a vigorous r e a c t i o n ensued. As the 

t r i m e t h y l b o r o n was produced i t was f r a c t i o n a t e d through a t r a p a t -30°C 

and f i n a l l y c o l l e c t e d i n a l i q u i d n i t r o g e n t r a p . The r e a c t i o n f l a s k 

was heated t o 100°C to complete the r e a c t i o n and remove a l l the 

t r i r a e t h y l b o r o n . The t r i m e t h y l b o r o n was r e f r a c t i o n a t e d and stored i n 

the vacuum system. 

The use of t h i s method of preparing triraethylboron avoided the 

d i f f i c u l t separation of t r i m e t h y l b o r o n from ether encountered i n the 

normal p r e p a r a t i o n by the Grignard method. 

Dialkylmagnesium compounds. 

Two methods of p r e p a r a t i o n were used f o r these compounds, (a) Dimethy1-

and diethylmagnesium v;ere prepared by r e a c t i o n of magnesium turnings w i t h 

the corresponding mercury a l k y l , (b) dimethyl-, d i e t h y l - , d i - i s o p r o p y l -

and di-t-butylmagnesium were prepared from the corresponding Grignard 

reagent by p r e c i p i t a t i o n of magnesium h a l i d e v;ith 1,it-dioxan, 

(a) From d i a l k y l mercury. 

Mg + HgMe^ ^ MgMe^ + Hg 

Magnesium t u r n i n g s (12-2g) were placed i n a pyrex Cariiis tube and dimethyl-

mercury (58g) added t o them. The tube was cooled i n l i q u i d n i t r o g e n , 

evacuated and sealed. Heating a t 100°C i n an oven overnight caused the 

f o r m a t i o n of a voluminous grey powder. The tube was opened i n a dry 

box and the contents t r a n s f e r r e d t o a Soxhlet e x t r a c t o r . The s o l i d v/as 



- 89 -

f i r s t e x t r a c t e d w i t h hexane to remove any excess dimethyImercury and the 

hexane s o l u t i o n discarded. Ether e x t r a c t i o n followed g i v i n g a 

dimethylmagnesium s o l u t i o n which was standardised by analysis f o r hydrolysable 

methyl and magnesium. 

Diethylmagnesium was prepared i n a s i m i l a r manner except t h a t Soxhlet 

e x t r a c t i o n was unnecessary and the product could be obtained simply by 

adding ether and f i l t e r i n g from the excess magnesium. 

Attempts t o scale up t h i s r e a c t i o n l e d , f o r both dimethyl- and 

diethylmagnesiupi to the explosion of the r e a c t i o n vessel. I t i s , 

t h e r e f o r e , recommended t h a t the r e a c t i o n should only be performed on a 

small scale (< 0-25Molar) and t h a t the heating of the r e a c t i o n tube should 

be c a r r i e d out i n a w e l l v e n t i l a t e d , i s o l a t e d fume cupboard, 

(b) Dioxan method. 

This method involves the p r e p a r a t i o n of a Grignard compound and the 

a d d i t i o n of enough 1,^dioxan to p r e c i p i t a t e a l l the halide present. 

2Mg + 2RX » 2EMgX 2(1,4-dioxan) ̂  ^^^^ ^ KgX^.Zdloxan 

There are two main d i f f i c u l t i e s t o the preparation, 

(a) Kemoval of the p r e c i p i t a t e d magnesium ha l i d e dioxan complex. 

I t was found t h a t i f the Grignard s o l u t i o n was vigorously s t i r r e d during 

the very slow a d d i t i o n of the dioxan and s t i r r i n g continued f o r 2k hours 

a f t e r a d d i t i o n was complete then i n the case of dimethyl- and diethylmagnesium 

the magnesium h a l i d e could be e a s i l y f i l t e r e d or decanted from the 
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dialkylmagnesium s o l u t i o n . For the branched chain a l k y l s , however, 
i n general the p r e c i p i t a t e was not f i l t e r a b l e , a method i n v o l v i n g 
c e n t r i f u g i n g the p r e c i p i t a t e was, t h e r e f o r e , devised, 
(b) Presence of excess dioxan. 

I t was found t h a t a l l the methods f o r preparing dialkylmagnesium compounds 

described i n the l i t e r a t u r e ensured complete removal of halide by the 

a d d i t i o n of an excess of dioxan (> 2 molar e q u i v a l e n t ) . This excess 

dioxan forms a complex w i t h the dialkylmagnesium (see l a t e r experimental). 

The dioxan complexes of dimethyl- and diethylmagnesiura lose dioxan on 

h e a t i n g but d i - i s o p r o p y l - and di-t-butylmagnesium do not lose t h e i r dioxan 

on h e a t i n g before they s t a r t t o decompose. As the presence of dioxan 

would a f f e c t the course of a number of the reactions studied the e f f e c t 

of dioxan on a Grignard s o l u t i o n (t-butylmagnesium c h l o r i d e ) was i n v e s t i g a t e d . 

Tert-butylmagnesium c h l o r i d e was prepared i n the usual way and the 

s o l u t i o n analysed f o r hydrolysable butane, magnesium and c h l o r i n e . Four, 

ten ml. samples vi/ere taken and d i f f e r e n t amounts of dioxan added to each, 

the s o l u t i o n s c e n t r i f u g e d and the supematent l i q u o r analysed. Each sample 

contained Grignard reagent v/hich could be regarded as O'O^kk moles of 

Bu^MgCl and O.OO38 moles of MgCl^. 

Sample Amount of 
dioxan added Bu^ : Mg Mg : 01 

I n i t i a l - 1 : 1-23 1 : 1-15 

A 
_3 

6-3x10 moles 1 : 0.78 1 : 0-74 

B 8-8x10"-^ moles 1 : 0.70 1 : 0-72 

C 1-ifx10-2 jnoles 1 : 0-66 1 : 0'k2 

D 2-2x10"^ moles 1 : 0.33 1 1 O'Ok 
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Although the r e s u l t s are not intended t o be accurate, as some time 

dependency was found, they show t h a t the 1:2 magnesium c h l o r i d e - dioxan 

complex i s formed, but t h a t not a l l the c h l o r i d e remains) was 

p r e c i p i t a t e d a t the 'equivalence' p o i n t . The proton magnetic resonance 

spectrum of s o l u t i o n D was recorded. This shov/ed t h a t dioxan was present 

i n the s o l u t i o n . The r e a c t i o n , 

2Bu'^MgCl + 2C^Hg02 - F = r - Bu^^^g + MgCl^. (C^HgO^)^ 

i s an e q u i l i b r i u m w i t h the r e a c t i o n w e l l over t o the r i g h t but an excess 

of dioxan must be added to remove a l l the c h l o r i d e and some of t h i s 

dioxan villi remain i n s o l u t i o n . The di-t-butylmagnesium s o l u t i o n s used 

t h e r e f o r e c o n t a i n small amounts of both dioxan and h a l i d e . The f o l l o w i n g 

d e s c r i p t i o n i s a t y p i c a l p r e p a r a t i o n of di-isoprop3''l- or di-t-butylmagnesium. 

The t e r t - b u t y l - Grignard reagent was prepared i n the usual v/ay. 

Analysis showed t h a t the s o l u t i o n was 1«0M w i t h respect t o hydrolysable 

2-methylpropane, 1«29M i n magnesium and 1«^3M i n c h l o r i d e . T h i r t y mis. 

of the Grignard s o l u t i o n were syringed i n t o a c e n t r i f u g e tube through a 

rubber serum cap and 30 mis. of dry ether added. Dry dioxan (3'7g> O'OkZ 

moles) was added t o the vi g o r o u s l y s t i r r e d s o l u t i o n producing an immediate 

white p r e c i p i t a t e . Three s i m i l a r c e n t r i f u g e tubes were prepared and 

r o t a t e d a t 3000 r.p.m. f o r t h i r t y minutes on a M.S.E. 'Multex' c e n t r i f u g e . 

The supernatant di-t-butylmagnesium s o l u t i o n was t r a n s f e r r e d by syringe 

t o a n i t r o g e n f i l l e d two-necked f l a s k . The s o l u t i o n was 0'18M v/ith respect 

t o hydrolysable iso-butane, 0«177M v/ith respect t o magnesium and 0«007M w i t h 
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respect t o c h l o r i d e . 

The procedure f o r dimethyl- and diethylmagnesium was as f o l l o w s . 

The Grignard reagent was prepared i n the usual way and completely analysed. 

Tii/o molar equivalents of 1,^dioxan v/ere added t o the s t i r r e d s o l u t i o n and 

the s l u r r y s t i r r e d f o r 2.k hours. On standing the s l u r r y f o r Zk hours the 

p r e c i p i t a t e s e t t l e d out and the dialkylmagnesium s o l u t i o n decanted from i t . 
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Experimental Results. 

Unless otherwise s t a t e d a l l reactions were c a r r i e d out under 

dry n i t r o g e n i n a double-limbed Schlenk tube. 

Reaction between dimethyImagnesium and N,N,N',N'-tetramethylethylenediamine. 

The d i t e r t i a r y amine i n s l i g h t excess ( l - 2 g . , 0-0103 mole) was 

added- t o dimethylmagnesiura (0-01 mole) i n d i e t h y l ether (20 c c ) . 

S l i g h t heat e v o l u t i o n occurred and a white p r e c i p i t a t e formed v/hich 

d i s s o l v e d on b o i l i n g the ether. A c r y s t a l l i n e compoimd was obtained 

on c o o l i n g the ether s o l u t i o n t o -78°C. On heating i n vacuo the 

s o l i d sublimed a t 65-75°/0'01mm., m.pt. 97-98°. [Found: Mg, 1if-3; 

hydrolysable methyl, 17*6?^; M(cryoscopically, 0-22 and 0-33 \}t,% 

i n benzene, I 7 8 - I 8 I . O^^^AgYi^ requires Mg 1A--3; hydrolysable methyl, 

17-6^; M, 171]. 

The i n f r a r e d spectrum recorded as a n u j o l mull had absorptions a t ; 

2 9 4 l s ( s h ) , 2915s, 28if9s, 2770m(sh), ^kSGs, 1if51s, liflOm, 1377s, 1353in, 

1287m, I26IW, 1250m, II89W, 1163m, 1126m, 1099s, 1091s, 106ifm, I0if3m(sh), 

1031s, 1017s, Sh7\\\, 794m, 769w, 72iw, 581m, 5A-ls. 

The spectrum of a saturated s o l u t i o n i n cyclohexane (iram. spacer) 

v/as e s s e n t i a l l y s i m i l a r , the 600-400 cm region was hov/ever, more 

resolved; 582w, 544s, 5l6m. 
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Reaction between dimethylmagnesium and N,N,N',N'-tetramethyl-o-phenylenediamine. 

A d d i t i o n of the diamine (l«49gi 0«0085, moles) t o dimethylmagnesium 

(0*01 mole) i n d i e t h y l ether (30cc.) a t room temperature r e s u l t e d i n 

heat e v o l u t i o n s u f f i c i e n t t o b o i l the s o l u t i o n . A s o l i d c r y s t a l l i s e d 

when the s o l u t i o n was concentrated, and a f t e r removal by f i l t r a t i o n , 

was washed w i t h pentane (lOcc.) and d r i e d under reduced pressure a t 

room temperature. The complex decomposed when heated above70°. 

[Found: Mg, 11*1; hydrolysable methyl, 14*0^; M(cryoscopically, 

0.64 wt.-^ i n benzene) 212. ^^2^22^'^^^2 ̂ '̂̂ ^̂ ^̂ '̂  ^^^^ 'l^'^; hydrolysable 

methyl, 13'75^; M, 219]. 

The i n f r a r e d spectrum of the complex as a n u j o l mull contained 

absorptions a t ; 3058m(sh), 2890s(sh), 2849s, 2778s(sh), l443s, 1372m, 

13l6w, 1282W, 1247m, 1203w, 1l89m, 1l83m(sh), 1151m, 11if5ra, 1089s, 

1044m, 1012s, 989W, 952w, 924s, 9l6m(sh), 870vw, 771s, 745m, 683m, 

595m (sh) -, 583m, 489s. 

The p.m.r. spectrum contained three resonances a t 3.15t, 7*387', 

11»29T r e l a t i v e t o T.M.S. as an i n t e r n a l standard. These are assigned 

on the bases of r e l a t i v e i n t e n s i t y and p o s i t i o n t o aromatic protons, 

nitrogen-methyl protons, and magnesium methyl protons r e s p e c t i v e l y . 

Reaction between dimethylmagnesium and 1,2-dimethoxyethane. 

A d d i t i o n of 1,2-dimethoxyethane i n excess (2cc.) to dimethyl

magnesium (0.01 mole) i n d i e t h y l e t h e r (20cc.) gave an immediate white 

p r e c i p i t a t e which was soluble .enough t o allow i t s r e c r y s t a l l i s a t i o n 
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from the warm ether/monoglyme mixture. The complex d i d not melt 

v/hen heated under n i t r o g e n a t atmospheric pressure but decomposed 

by d i s s o c i a t i o n from about 120°C. On heating i n vacuo the s o l i d 

began t o lose monoglyme a t about 105° and 0-1mm. pressure, a t 160° 

a white s o l i d sublimed v/hich was shovm by i t s i n f r a r e d spectrum t o 

be uncoordinated dimethyImagnesium. [Found: Mg, 17*2, hydrolysable 

methyl 20-05^. CgH^^MgO^ requires Mg, l6-8, hydrolysable methyl 

20-8?^]. The complex was i n s o l u b l e i n benzene and no molecular weight 

was determined. 

The i n f r a r e d spectrum recorded as a n u j o l mull contains absorptions 

a t ; 2899s, 2786m(sh), I453s, 1368m, 1282w, 1248m, 1100s, 1051s, 1022s, 

lOiOm(sh), 867s, 83IW, 798vw, 578s, 562s(sh), 476s. 

Reaction between dimethyImagnesium and 2 , 2 ' - b i p y r i d y l . 

A d d i t i o n of sublimed b i p y r i d y l (O-OO5 moles) i n ether s o l u t i o n 

(10 mis.) t o dimethyIraagneslum (0-0045 moles) i n d i e t h y l ether (10 mis.) 

gave an immediate b r i g h t yellov/ c r y s t a l l i n e m a t e r i a l which turned brov/n 

and then black a f t e r about one hour. The b r i g h t yellow m a t e r i a l gave 

a red benzene s o l u t i o n which i s more stable than the s o l i d but 

e v e n t u a l l y became brown. Even the black t a r r y m a t e r i a l reacted 

v i o l e n t l y vd-th water evolving methane. No pure complex could be 

i s o l a t e d . 

C r y s t a l l i s a t i o n of dimethyImagnesium. 

DimethyImagnesium (0-0089 moles) i n d i e t h y l ether was cooled t o -78°C 



- 96 -

when c o l o u r l e s s n e e d l e l i k e c r y s t a l s formed. These were f i l t e r e d from 

excess ether and allowed t o v/arm t o room temperature. At room 

temperature the s o l i d was white and powdery. No attempt was made t o 

dry the product. A small amount of the solid-was mounted i n a pyrex 

tube and i t s X-ray d i f f r a c t i o n p a t t e r n recorded. This was compared 

w i t h published values and v/ith t h a t of another sample which had been 

thoroughly d r i e d i n vacuo and whose analysis showed t h a t i t was 

et h e r - f r e e dimethylmagnesium. [Found: Mg, kk-SZ; hydrolysable methyl, 

55*80^. C^HgMg requires Mg, 44-72, hydrolysable methyl 55*28%]. 

d-values f o r sample ( c a l c . ) d-values f o r Me^Mg 

5-79 5-76 

5-33 5'34 

3•304 3-302 

2-652 2-666 

2-425 2-430 

2-074 2.074 

2-01if 2-017 

1-969 1*971 

1.900 1-903 

N,N,N',N'-Tetramethylethylenediamine - Djphenylmagnesium. 

The d i - t e r t i a r y amine (5cc . ) was added t o a s o l u t i o n of diphenyl-

mercury ( p u r i f i e d by sublimation; 5*73g» 0-0162 mole) i n benzene (lOcc.) 

to which magnesium tur n i n g s (0.8g, 6.33 mole) had been added. The 
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mixture was boiled under reflux and with continuous s t i r r i n g for 24 hours, 

afte r which the remaining metal was observed to be amalgamated and no 

soluble mercury compound could be detected i n the pale yellow supernatant 

solution. The supernatant l i q u i d was transferred (N^ atmosphere) to a 

double Schlenk tube, and, after f i l t r a t i o n , solvent was removed under 

reduced pressure u n t i l c r y s t a l l i s a t i o n began. The complex v/as separated 

by f i l t r a t i o n and dried at low pressure, m.p. 170-172°. [Found: 

Mg, 8.3; amine, 38-9%. M(cryoscopically, 0-45 and 0-89 wt.-% i n benzene), 

312 and 319. ^-i8^26^"'^^2 ̂ ^'l"^^®^ 8.25; d i t e r t i a r y amine, 39*4%; 

M, 295]. 

The infrared spectrum of the complex, recorded as a nujol mull, 

contained absorptions at; 3215m, 2933s(sh), 2906s, 284ls, 2747w, 1592m, 

1466s, I4l2m, 1381s, 1346m(sh), 1291m, 1269v/, 1250w, 1232m, 1192w, 

1164m, 1151w(sh), 1127w, 1099w, 1056m, 1046m, 1030m, 950m, 935w(sh), 

794m, 766w, 736w, 7l8m, 709s, 704s, 675s, 640v/, 633w, 430m. 

The complex was also prepared by the following method. An excess 

of the d i - t e r t i a r y amine (O.OO5 moles) was added to a solution of 

bis-(tetrahydrofuran)-diphenylmagnesium (see l a t e r for preparation, 

0*95g, 0.003 moles) i n benzene (15 mis.). Some solvent was removed and 

methylcyclohexane added, from which the complex was c r y s t a l l i s e d m.p. 

169-171°C. The infrared spectrum of the complex as a nujol mull was 

i d e n t i c a l to that of the complex prepared as outlined above. 
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1,2-Dimethoxyethane - Diphenylmagnesium. 

A mixture of diphenylmercury (7g.)» 1,2-dimethoxyethane (4cc.), 

'benzene (50cc.) and magnesium (0-6g.) i n a tube was frozen, evacuated, 

sealed, and then heated f o r seven days a t 100°. The tube v/as opened 

i n a glove box and i t s contents t r a n s f e r r e d t o a double Schlenlt tube. 

A f t e r a d d i t i o n of hexane t o the f i l t e r e d s o l u t i o n , the complex 

c r y s t a l l i s e d and i t v/as r e c r y s t a l l i s e d from a 2:1 benzene-hexane mixture. 

The complex decomposed vri.thout m e l t i n g when heated. [Found: Mg, ^'2%^, 

M ( c r y o s c o p i c a l l y , O-58 and 0-88 wt.-% i n benzene), 274 and 272. 

Ĉ gĤ M̂gÔ  r e q u i r e s Mg, 9*05?^; M, 269]. 

The i n f r a r e d spectrum of the complex as a n u j o l mull contained 

absorptions a t ; 3030w, 294ls(sh), 2915s, 2849s, 1590m, l490s, l462s, 

I408w, 1376ra, 1368m(sh), 1299m, 1247vw, 1225vw, 1203w/(sh), 

1l88w, 1l63w, 1111m, 1089m, 1066m, 1053m, 1043m, 1024m(sh), 922w, 864m, 

848ra, 83OW, 76lm, 736w, 7l8m(sh), 711m, 700m, 675m, 571m, 529m, 438m. 

B i s - ( t e t r a h y d r o f u r a n ) - Diphenylmagnesium. 

Diphenylmercury (25g., 0-089 mole) i n tetrahydrofuran (lOOccJ was 

b o i l e d overnight w i t h magnesium turnings (2-4g., 0-0098 moles). A f t e r 

f i l t r a t i o n and evaporation of a l i t t l e s o l v e n t , the complex c r y s t a l l i s e d 

as long needles. I t was separated by f i l t r a t i o n and dr i e d under reduced 

pressure a t room temperature, m.p. 105-106°. [Found: Mg, 7-7?o; 

M(cryoscopically, 0-47 and O-93 wt.-% i n benzene), 3O3 and 306. 

Ĉ QĤ gMgÔ  requires Mg, 7-55^, M 323]. 
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The i n f r a r e d spectrum of the complex as a n u j o l mull contains 

absorptions a t ; 30l2m(sh), 294ls(sh), 2906s, 284ls(sh), 1565w, l466s, 

I4l0w, 1376m, 1263ra, 1l43w(sh), 108lm(sh), 1055m, I022m, ^^7^, 877w, 

8l7w(sh), 798m, 734w(sh), 719w(sh), 704m, 675v/, 64lw, 400m. 

The complex possessed a measurable vapour pressure a t temperatures 

a l i t t l e above room temperature (25°). The vapour pressures. were 

measured i n the apparatus shora ( f i g 29). ^ sample of the complex 

was loaded i n t o A, attached t o the apparatus, cooled i n l i q u i d n i t r o g e n , 

and the whole evacuated w i t h taps B and C open. . Tap B v/as then 

closed and the sample allowed t o warm. The vapour pressure v/as measured 

by f i n d i n g the d i f f e r e n c e i n the mercury l e v e l s , h. The r e s u l t s shown 

i n the t a b l e are a combination of three separate runs. 

Temperature. Vapour Pressure cm. 

25*3 0-108 

43-0 0.160 

47-8 0.261 

54-0 0-330 

63*5 0.530 

71-0 0.801 

74-6 1-081 

81.8 1-503 

90.0 2-467 

96-6 3-742 

104-5 5-729 



Fig, 29. 
Vacuum 
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The recombination of the t e t r a h y d r o f u r a n vapour w i t h the r e s i d u a l 
s o l i d was very slow and thus no measurements were taken of the vapour 
pressure w i t h f a l l i n g temperature. Above the melting p o i n t of the 
s o l i d recombination was much quicker. 

An attempt was made to form KgiC^E^)^.THF by the removal of 

t e t r a h y d r o f u r a n from bis-(tetrahydrofuran)-diphenylmagnesium. A 

weighed sample of the complex (l«232g, 0-0038 moles) was placed i n a 

f l a s k and heated to 100°C i n vacuo while attached t o a vacuum l i n e . 

The v o l a t i l e product (shown by I.R. t o be tetrahydrofuran) was c o l l e c t e d 

i n a l i q u i d n i t r o g e n t r a p . From time t o time the amount of tetrahydrofuran 

was measured (as a gas) and when 9̂ W ccs. were obtained, corresponding 

t o removal of of the t o t a l t e t r a h y d r o f u r a n content of the o r i g i n a l 

complex, heating v;as stopped. Dry benzene (20 mis.) was added t o the 

yellow residue and the mixture b o i l e d , not a l l the s o l i d d i s s o l v i n g . 

The supernatant s o l u t i o n was t r a n s f e r r e d t o a double Schlenk tube and 

r e c r y s t a l l i s a t i o n attempted. No s o l i d product could be obtained except 

by complete removal of the solvent which l e f t a s t i c k y yellow s o l i d . 

The i n f r a r e d spectrum of t h i s s o l i d showed t h a t i t s t i l l contained 

coordinated t e t r a h y d r o f u r a n . Absorptions were located a t ; 298511, 

2924s, 2849s, 2825s(sh), 2688m, 1587m, 1563ra, 1553m(sh), l488m(sh) 

1468m, I451ra, l408s, 1370w, 1342m, 1533w, 1290m(sh), 1274m(sh), 126lm, 

1222m, 1185m, 1174m(sh), 1153m, 1087m(sh), 1055s(sh), 1038s(sh), 1015s, 

988s, 953w, 915ni, 866s, 797m, 763m, 736m, 699s, 680m(sh), 667m(sh), 

638m, 627m, 400s. 

No f u r t h e r attempt was made t o obtain a c r y s t a l l i n e product. 
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N,N,N',N'-Tetramethylethylenediamine - di-isopropylmagnesium. 

The diamine (l«l6g, 0«01 moles) was added dropvd.se to d i - i s o p r o p y l -

raagnesium (0«01 moles) i n d i e t h y l e t h e r a t room temperature g i v i n g a cle a r 

s o l u t i o n . On c o o l i n g t o -78°C white c r y s t a l l i n e needles were obtained. 

The compound i s soluble i n hydrocarbon solvents and can be c r y s t a l l i s e d 

from hexane. The complex was d r i e d i n vacuo a t room temperature, 

ra.p. 86-87°. 

The i n f r a r e d spectrum of the complex as a n u j o l mull and as a 

cyclohexane s o l u t i o n were i d e n t i c a l . Absorptions were located a t ; 

2985s, 2958s, 2915s, 28if5s, 2770s, 2725s, 2679m, 2660w(sh), 1587s, 1570s, 

1if31s, 1if08m(sh), 1372m, 1353s, 1284s, 1256m, 1239m, 1l83m, 1156m, 112^^, 

109ifm, 1058m, lOifOm(sh), 1028s, 1009s, 983m, 963m, 9'+6m, 902m, 895m(sh), 

8k8ra, 829w(sh), 790s, 766m, 579m, 476s. 

The p.m.r. spectrum of the complex i n a ̂ % benzene s o l u t i o n contained 

the f o l l o w i n g resonances (chemical s h i f t s quoted r e l a t i v e t o 

te t r a m e t h y l s i l a n e T = 10). 

T value 

8-10 

8.18 
8.32 

8.32 

S i n g l e t 

Doublet 

Single t 

Coupling constant 
J 

0«14 ppm 

Assignment 

N-CH, 

Mg-CH-CCH^)^ 

N-CH, 

10.05 
10.19 
10.33 / 

Septet 0.14 ppm 

( 21 SEP ̂ ^̂ ^ ) 

Mg-CH 
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Removal of ether from di-isopropylmagnesium. 

The removal of ether from di-isopropylmagnesium i n vacuo a t room 

temperature (18-2°) f o r one hour l e f t a viscous l i q u i d v/hose analysis 

corresponded to Pr^^^lg.(Et^O)^^^^. This l i q u i d had a d i s s o c i a t i o n pressure 

of e ther of 3.34mm. a t room temperature. Further pumping of the 

product f o r fourteen hours l e f t a v;hite s o l i d which was d i - i s o p r o p y l 

magnesium co n t a i n i n g 3*7^ ether by weight. 

N,N,N',N'-tetramethylethylenediamine di-tert-butylmagnesium. 

A d d i t i o n of the diamine ( l . l 6 g , 0.01 mole) i n 5 mis. of d i e t h y l ether 

to a v i g o r o u s l y s t i r r e d s o l u t i o n of di-t-butylmagnesium and removal of 

most of the solvent r e s u l t e d i n the c r y s t a l l i s a t i o n of the complex. On 

heati n g linder n i t r o g e n the compound d i d not melt but decomposed over 

the range 90-120°. On heating i n vacuo (0.002mra.) the s o l i d sublimed 

at 130-140°. [Found: magnesium 9*55, hydrolysable butane, k3'^8%, 

M(cryoscopically i n 0.88 and 0.44 wt.-^ i n benzene) 256 and 243. 

Required f o r Ĉ Ĥ̂ N̂̂ Mg, magnesium 9*551 hydrolysable butane 44.82?^, M 254]. 

The i n f r a r e d spectrum recorded as a n u j o l m u l l contained absorptions 

a t ; 2857s, 2740s, 2660s, 2597m, 2551w(sh), I462s(sh), 1437s, I425s(sh), 

1332s, 1282sm 1255m(sh), 1242m, 1195m, 1l6lm, 1131s, 1122s, I097w, 1060m, 

1042m, 1024s, 1009s, 996s, 947s, 931m, 886vw, 877w, 826w, 790s, 768s, 

749w(sh), 772w(sh), 6l5w, 582s, 500-400s. 

The p.m.r. spectrum of the complex i n benzene s o l u t i o n was recorded a t 

three d i f f e r e n t temperatiires. Chemical s h i f t s r e l a t i v e t o TMS. 
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Temperature r (Bu*) T (N-CH^) T (N-CH^) 

20°C 8-71 8-24 7-98 

- -60°G 8-68 8-17 7-89 

-70°G 8.60 8-20 7-89 

As can be seen the spectrum shows no marked change w i t h temperature. 

I n dg-toluene, however, the resonances occur as f o l l o w s (Mg-Bu*) 8'79, 

(N-CH^) 8-17, (N-CH^) 8-007-. 

1,4-Dioxan di-t-butylmagnesium. 

During the f i r s t preparations of di-t-butylmagnesiura no attempt, v/as 

made t o c o n t r o l the amount of dioxan added t o the Grignard reagent. 

Removal of the ether from a 0»3M s o l u t i o n gave a white s o l i d which was 

r e f l u x e d w i t h 10 mis. of hexane and extracted \-rith toluene. Square 

p r i s m a t i c c r y s t a l s were obtained from the toluene but the m a j o r i t y of 

m a t e r i a l was i n s o l u b l e . Analysis of the toluene-soluble m a t e r i a l showed 

i t t o be t-butylmagnesium t-butoxide. [Found: magnesium 15*75» 

hydrolysable b u t y l , 36*71^. Required f o r GgH^gOMg; Mg, 15*74, 

hydrolysable b u t y l , 36'95?^]. Only O^OSg. of the butoxide v/ere i s o l a t e d 

from a t o t a l amount of s o l i d of 2«4g. 

The toluene i n s o l u b l e m a t e r i a l was dissolved i n ether and 

p r e c i p i t a t e d and washed w i t h hexane. [Found: magnesium 10«80, 

hydrolysable b u t y l 48-5^. Required f o r ^^2^26^2^^' 

hydrolysable b u t y l , 50'30^]. 

The i n f r a r e d spectrum i s mainly t h a t of coordinated dioxan: 
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2907s, 2849s, 2762s, 2721s, 2667m, 2604w, 2500v/, i466s , l 4 5 l s , 1379s, 

1366s, 1297m, 1261s, 1238m, 1227m, 1203ra, 1l66w, 1130s, 1105s, 1073s, 

I04lm, I025w, 998m, 989m, 960m, 934w, 930w(sh), 892s, 875s, 860s, 826w, 

795s, 765w, 722w, 621s, 6 l6s , 576s, 5 l 2 s , 491s. 

Trimethylamine (0»03 moles) was condensed on to an etherea l 

s o l u t i o n of the dioxain complex (0«01 mole) which was vigorously s t i r r e d 

while i t was warming. The solvent v/as removed and fr e s h d i e t h y l ether 

condensed on t o the white s o l i d . A p.m.r. spectrum of t h i s s o l u t i o n 

contained no resonance a t t r i b u t a b l e t o N-GĤ . 

Assignment 

-O-GĤ  of dioxan and O-GĤ  of ether 

-O-GĤ  of ether 

-O-CH^ of ether 

-O-CĤ  of ether 

T value 

9-23 

9-36 

9-48 

-GH^ of ether 

-GH^ of ether 

-GH^ of ether and -Bu* of Bn^^Kg. 

B i s - ( t e t r a h y d r o f u r a n ) di-t-butylmagnesium. 

A d d i t i o n of excess t e t r a h y d r o f u r a n (l '51g> 0'021 moles) to an ethereal 

s o l u t i o n of di-t-butylmagnesium (0»01 moles) r e s u l t e d i n a small 

e v o l u t i o n of heat but the s o l u t i o n remained c l e a r . Removal of the solvent 

l e f t a c r y s t a l l i n e s o l i d v/hich was soluble i n aromatic hydrocarbons 
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but e f f e c t i v e l y insoluble i n a l i p h a t i c . C r y s t a l l i s a t i o n was thus 
effected using a toluene/hexane ( l / 5 ) mixture and cooling to -78°. 
The complex v;as f i l t e r e d from excess solvent and dried i n vacuo. 

On heating under nitrogen slow decomposition appears to set i n at 

about 90° but the s o l i d melted at 132-135° giving a clear viscous l i q u i d , 

which formed a glass on cooling. The li q u i d bubbled at 160° and a 

grey-white s o l i d was gradually deposited which charred at 210°. 

[Found: magnesiiim, 8.98; hydrolysable butyl, 38.81?^. Required for 

Ĉ gĤ Ô̂ Mg; magnesium 8 . 6 I , hydrolysable butyl, 40.39^]. 

The molecular weight determinations (cryoscopically i n benzene) 

are tabulated below. Required for Ĉ gĤ Ô̂ Mg; M, 283. 

\]t.-% i n CgHg Mol. wt. Degree of Association. 

1-599 266 0.94 

1.066 248 0.877 

0.799 230 0.813 

0.533 223 0.788 

0.400 215 0.76 

0.267 213 0.753 

The infrared spectrum recorded as a nujol mull contained absorptions 

at; 2899s, 2732s, 2667s, 26l1m, 2506w, l466s(sh), 1453s, 1447s, l429m(sh), 

1372s, 1355m(sh), 1346m(sh), 1311w, 1294w, 1252m, 1233m, 1220m, 1200m, 

1176m(sh), 1133s, 1071m, 1038s, 996s, 958ra, 993w, 917s , 875s, 83IW, 796s, 

766w, 722w, 673m, 571s, 500s. 
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The p.m.r. spectrum was recorded i n benzene s o l u t i o n . Chemical 

s h i f t s are quoted as p.p.m. u p f i e l d from benzene ( c a l c u l a t e d values, 

T values-benzene = 2'737' - are i n b r a c k e t s ) . 

Peak p o s i t i o n 

3-59 (6-32) 

3-69 (6-43) 

3-80 (6-53) J 

T r i p l e t 

Coupling constant 
J 

O'l p.p.m. 

Assignment 

-O-GĤ  of THF 

5-80 (8-53) -GH^ of t - b u t y l 

5-91 (8 -64) 

5- 97 (8-70) 

6- 03 (8.76) 

M u l t i p l e t 0'06 p.p.m. -CH^ of THF 

Reaction betvjeen N,N,N',N'-tetramethylethylenediamine and methylmagnesium 
bromide. 

Methylmagnesium bromide was prepared by the usual Grignard method. 

Analysis showed t h a t the s o l u t i o n v;as 2*5M and the hydrolysable 

methyl:magnesium:bromide r a t i o was 0'99:1:1. 

A d d i t i o n of an excess of N,N,N',N'-tetramethylethylenediamine (6«0g.) 

t o 20 mis. of t h i s s o l u t i o n (0*05 moles) r e s u l t e d i n the e v o l u t i o n of 

heat and the immediate formation of a white p r e c i p i t a t e . Excess 

ether,which contained no soluble m a t e r i a l , was removed by f i l t r a t i o n , 

and the p r e c i p i t a t e washed w i t h dry hexane and d r i e d i n vacuo. 
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The complex was p u r i f i e d by sublimation 100-110°/0.01mm. m.pt. 125-6°. 
Analysis f o r hydrolysable methyl, magnesium, bromide and amine gave a 
Me:Mg:Br:amine r a t i o - of 1.03:1:0.98:0.97 i . e . CE^ngBr.iMe^)^C^E^^^. 
A l l the p r e c i p i t a t e would not sublime the residue gradually t u r n i n g 
yellow. 

The i n f r a r e d spectrum of the sublimed m a t e r i a l as a n u j o l mull 

was i d e n t i c a l w i t h t h a t of dimethyImagnesium N,N,N',N'-tetramethyl-

ethylenediamine. 

N,N,N',N'-Tetramethylethylenediamine magnesium bromide. 

Magnesium bromide was prepared as a s o l u t i o n i n d i e t h y l ether 

from 1,2-dibromoethane and magnesium tu r n i n g s , 

Et 0 
Mg + BrC^H^Br MgBr^ + C^H^ 

N,N,N',N'-Tetramethylethylenediamine (2g.) was added t o the ethereal 

magnesium bromide (0.014 moles) g i v i n g an immediate white p r e c i p i t a t e 

which v/as f i l t e r e d from excess solvent. P u r i f i c a t i o n v/as e f f e c t e d by 

su b l i m a t i o n a t l60-l65°/0.005mm. [Found: Mg, 7.98^; Br, 55*20?^. 

Required f o r OgH^^Br^N^Mg; Mg, 8.10; Br, 53'2?^]. 

The complex was i n s o l u b l e i n a l l solvents w i t h which i t d i d not 

r e a c t . 

The i n f r a r e d spectrum v/as recorded as a n u j o l m u l l . 

Tert-butylmagnesium c h l o r i d e d i e t h y l etherate. 

The t-butylmagnesium c h l o r i d e was prepared by the usual Grignard 
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method g i v i n g a s o l u t i o n c o n t a i n i n g t-butylmagnesium c h l o r i d e . Thus 

removal of the ether from a small sample of the s o l u t i o n a t 60° i n vacuo 

r e s u l t e d i n a viscous l i q u i d which analysed as '-'Zj.̂ ĝ '̂ S'].-̂ Ŝ -'̂ l .22**^^*2* 

Di-t-butylmagnesium (0«0012 moles) was added t o 10 mis. of the 

et h e r e a l Grignard s o l u t i o n (O'OII moles of Bu^MgGl and 0-00124 moles of 

MgGl^). A s l i g h t p r e c i p i t a t e formed, probably the dioxanate of magnesium 

c h l o r i d e , produced from the small amount of dioxan which the d i - t - b u t y l 

magnesium contains. The s o l u t i o n was f i l t e r e d and the ether removed 

i n vacuo a t room temperature l e a v i n g a viscous l i q u i d . A d d i t i o n of 

hexane, b o i l i n g , followed by removal of the solvent r e s u l t e d i n the 

formation of a white s o l i d . [Found: hydrolysable b u t y l , 30'29; 

magnesium, 12r86; c h l o r i d e , l8'35?^; M(cryoscopically i n 1-61, 1-07 wt.-^ 

benzene) 388, 390. Required f o r ^^[^^(^^^^^'0'^^^') 

hydrolysable b u t y l , 29*91; magnesium, 12-74; c h l o r i d e , l8-545^, M, 382]. 

The i n f r a r e d spectrum as a n u j o l mull contained absorptions a t ; 

2985s, 2915s, 2857s, 2770s, 2681m, 26l8w, l639w, l490m(sh), I473m(sh), 

1464m, 1399s, 1385m(sh), 1370m(sh), 1351w, 1295w, 1266w, I247w, ll95m, 

1152s, 1096s, 1047s, 1000s, 953w, 955w, 901m, 835m, 805s, 781s, 587m, 512m. 

The p.m.r. spectrum of the complex i n benzene s o l u t i o n contains the 

f o l l o w i n g absorptions. Chemical s h i f t s are quoted as p.p.m. u p f i e l d 

from benzene and as s h i f t s from benzene equals 2-73 p.p.m. (bracketed 

q u a n t i t i e s ) . 
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Chemical S h i f t 

3-57 (6.30) 

3-69 (6.42) 

3-81 (6.54) 

3-92 (6.65) 

Quartet 

Coupling Constant 

•12 p.p.ra. 

Assignment 

-O-CĤ  of Et^O 

6.02 (8.75) -C^H^ of Bu -Mg 

6.20 (8-93) 

6.32 (9-05) 

6.44 (9»17) 

T r i p l e t •12 p.p.ra. -CĤ  of Et^O 

I t i s hoped t o ob t a i n c r y s t a l s of t h i s complex f o r examination by 

X-ray d i f f r a c t i o n . 

Reaction between dimethyl ether and tert-butylmagnesium c h l o r i d e . 

An excess of dimethyl ether was condensed on to an ethereal s o l u t i o n 

of t-butylmagnesium c h l o r i d e (0.012 mole). A white p r e c i p i t a t e was 

present a t -78° which dissolved on v/arming and d i d not reappear on 

subsequent r e c o o l i n g . Removal of the solvent gave a viscous l i q u i d v/hich 

was m i s c i b l e w i t h hydrocarbon solvents but no s o l i d product could be 

obtained. 

The p.m.r. spectrum of the viscous l i q u i d i n benzene s o l u t i o n shov/ed 

t h a t i t contained both dimethyl and d i e t h y l ether, each l i n e i n the 

spectrum being s l i g h t l y s p l i t . 
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The experiment v/as repeated using t-butylmagnesium c h l o r i d e 
d i e t h y l e t h e r a t e . A l a r g e excess of dimethyl ether v/as condensed 
on to s o l i d t-butylmagnesium c h l o r i d e etherate (0-12 mole) g i v i n g a 
white p r e c i p i t a t e which v/as soluble i n excess dimethyl ether but can be 
c r y s t a l l i s e d a t - 7 8 ° . The white s o l i d so formed was f i l t e r e d , the 
excess dimethyl ether removed i n vacuo a t room temperature l e a v i n g a 
viscous l i q u i d which was not f u r t h e r i n v e s t i g a t e d . The white s o l i d 
produced d i d not inflame i n a i r but reacted v i o l e n t l y w i t h v/ater. 

Analysis showed t h a t the r a t i o of hydrolysable gas (2-methylpropane + 

dimethyl e t h e r ) t o magnesium v/as 1*46:1 and not 2:1 as expected f o r 

Bu^IgCl.OMe^. The p.m.r. spectrum i n benzene s o l u t i o n consisted of 

two s i n g l e peaks a t 4 « l 6 p.p.m. u p f i e l d from benzene (6*89 p.p.m. 

t a k i n g benzene as 2*73 p.p.m.) assigned t o the 0-GH^ resonance and a t 

5*73 p.p.m. u p f i e l d from benzene (8-46 p.p.m. t a k i n g benzene as 2-73 p.p.m.) 
t 

assigned t o the MgC^H^ resonance. The i n t e g r a t e d spectrum gave 

1'27:1 as the r a t i o of the -OCEy-C^E^ peaks. The complex 

G^H^Mg^Cl^.(0Me2)2 would r e q u i r e a hydrolysable gas:magnesium r a t i o 

of 1*5:1 and a r a t i o of 1*335 1 i n the i n t e g r a t e d spectrum of the -OGĤ  

and -Mg-G^H^ peaks. 

The i n f r a r e d spectrum of the complex was recorded as a n u j o l m u l l ; 

2899s, 2770m, 2732m, 2674w, 26l1w(sh), l471s, l460s, 1385m, 1370m(sh), 

1264w, 1203W, 1176w(sh), 1l63m, 1088w(sh), 1063s, 1022w(sh), 1005w, 

96OW, 908s, 802m, 768w, 722w, 595m, 500m(sh), 469-400m. 
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Reactions w i t h weak acids. 

Amines. 

Reaction between dimethyImagnesium and N,N,N'-trimethylethylenediamine. 

N,N,N'-Trimethylethylenediamine (O.OO98 mole) was added slowly t o 

dimethylmagnesium (O'OIO mole) i n d i e t h y l ether (20 m l . ) . Vigorous 

gas e v o l u t i o n (methane i d e n t i f i e d by i n f r a r e d spectrum)occurred. 

A f t e r the solvent had been removed under reduced pressure, the white 

s o l i d product was sublimed a t 80-90°/0.005mm. The sublimed complex 

had m.p. 1l6-1l8°. [Found: Mg, 17*5; hydrolysable methyl, 10.65?°; 

M(crycoscopically O.43 and 0.68 wt.-^ i n benzene), 265 and 280. 

1̂2̂ 32̂ '̂ Â ^^1"^^®^ ^S' '''̂ •̂ 5 hydrolysable methyl, 10.75^; M, 281]. 

The p.m.r. spectrum of the complex was recorded i n benzene 

s o l u t i o n . Chemical s h i f t s are given as r values. 

Chemical s h i f t Assignment 

7^42 N-CH^ 

7.81 raultiplet C^H^ 

8.14 N-(CI^)2 

11.06 Mg-CH^ 

The i n f r a r e d spectrum of the complex recorded as n u j o l mull and 

as a s o l u t i o n i n cyclohexane are e s s e n t i a l l y s i m i l a r . Absorptions are 

lo c a t e d a t ; 2740w, 1359w, 1274m(sh), 1256m, 1192w, 1l49s, 1111s, 1094s(sh) 

1042m(sh), 1018m, 1008m(sh), 980m, 939m, 935m(sh), 84lm, 780m, 597m, 

528s(sh), 5l4s, 495s(sh), 465m(sh), 435m. 
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Reaction betv/een N,N,N'-trimethylethylenediamine and di-isopropylmagnesium. 

Slow a d d i t i o n of N,N,N'-trimethylethylenediamine (0-0099 moles) to 

di-isopropylmagnesium i n d i e t h y l ether (53 mis.) a t room temperature 

caused the e v o l u t i o n of heat and slow e v o l u t i o n of propane on 

vi g o r o u s l y s t i r r i n g . Gas e v o l u t i o n continued f o r two hours on keeping 

.the s o l u t i o n a t 3 0 ° . Removal of the solvent under reduced pressure 

produced a ivhite s o l i d v/hich was p u r i f i e d by r e c r y s t a l l i s a t i o n from 

ether. The complex was soluble i n hydrocarbon solvents and sublimed 

a t 80°/0-002mm. On heating under n i t r o g e n the complex d i d not melt hut 

shrank a t 8 0 - 8 l ° and began t o decompose i n the range 100-110°. [Found: 

hydrolysable p r o p y l , 26-23; magnesium 14-47^; M(cryoscopically, 0-64 

and 1-27 wt.-^ i n benzene) 360, 369. Required f o r ̂ -]5\oV^2' 
hydrolysable p r o p y l , 25-56; magnesium, 14-43^; M, 3 3 7 ] . 

The i n f r a r e d spectrum of the complex was recorded as a s o l u t i o n i n 

cyclohexane and as a n u j o l m u l l . Gyclohexane s o l u t i o n - 0-Olmm. spacer, 

s a t u r a t e d s o l u t i o n ; 2985m, 2793m, 2747s, 2720s, 2674m, 26l8w, 2564w, 

1471s, I408w, 1379m, 1350s, 1297s, 1263m(sh), 1252s, 1192m, 1l66s, 1l48s, 

1125s(sh), 1112s, llOOs(sh), 1057s, 1029s, 1006s, 987s, 951s(sh), 938s, 

908s, 876m, 853s, 829w, 805w(sh), 793m, 786s, 596m, 579"m, 56im, 530m, 

493s, 456s. 

N u j o l m u l l ; 2985m, 2717m, 2674m, 2604w, 2564w, l460s, l4l8w, I4l0w, 1377s, 

1370m(sh), 1350s, 1295w(sh), 1280s, 1252s, 1242m, 1192m, 1172m, 1l63ra, 

1148s, 1110s, 1055m, 1029s, 1006s, 985m, 969v/, 936s, 908s, 855s, 797w(sh) 

779s, 721w, 595m, 578ra, 576m, 490s, 463s. 
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The p.m.r. spectrum of the complex was recorded i n cyclohexane and 
perdeuterocyclohexane. Peaks were recorded a t 8 .75, 8.62, 8.52, 7 .76, 
7*66, 7^53» 7*36 r e l a t i v e t o T.H.S. (10). No assignments were made. 
The s o l u t i o n v/as too d i l u t e t o detect the expected septet due t o the 
Mg-CH resonance. 

Reaction between N,N,N'-trimethylethylenediamine and di-t-butylmagnesium. 

N,N,N'-Trimethylethylenediamine (0.096g., O.OO93 moles) was added 

dropwise t o di-t-butylmagnesiura (O-OI moles) i n d i e t h y l ether a t - 7 8 ° . 

Gas e v o l u t i o n began j u s t below room temperature (21°) and v/as complete 

a f t e r one hour a t room temperature, during which time a white s o l i d was 

produced. The s o l i d was p u r i f i e d by r e c r y s t a l l i s a t i o n from ether. On 

heat i n g under n i t r o g e n the s o l i d began to decompose a t 100° but 

decomposition was not r a p i d u n t i l 150° when a sudden s h r i n k i n g and 

moistening occurred. [Found: hydrolysable t - b u t y l , 30 .46; magnesium, 

13.16^; M(cryoscopically, 2^34, O.9O and 0.67 \it.-% i n benzene) 316, 

306 and 300. . Required f o r C^gH^^N^Mg^; hydrolysable t - b u t y l , 31*27; 

magnesium 13*31?̂ ; M, 365]. 

The i n f r a r e d spectrum recorded as a n u j o l mull has absorptions 

a t ; 2899s, 2809s, 2755s, 2725s, 2703m, 2674m, 26l1w, l490m, l445s, 

1437s, I427v/, I4l2w, 1383s, 1350m, 1312W, 1282m, 1253m, 1241W, 1208w, 

1192W, 1175W, 1148m, 1140m, 1122m, 1110s, IO56W, 1032s, 1028s, 1007m, 

lOCOm, 985W, 973w, 936m, 876w, 852m, 800m, 781m, 735w, 723v/, 595w, 508m, 

462m, 436m, 422m. 
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Alcohols. 

Reaction between 2-dimethylaminoethanol and dimethylmagnesium. 

Slov/ a d d i t i o n of 2-dimethylaminoethanol (0 -99 mis., 0 .01 moles) t o 

dimethylmagnesium (O'OI moles) i n d i e t h y l ether, a t - 5 0 ° , caused 

immediate e v o l u t i o n of methane. Removal of the solvent l e f t a white 

s o l i d which v/as c r y s t a l l i s e d from a toluene/hexane ( l / l 5 ) mixture. 

The s o l i d v/as d r i e d i n vacuo m.p. 160° ( d e c ) . [Found: hydrolysable 

methyl, 12.13; magnesium 20.01?^; M(cryoscopically i n O.966 wt.-/o 

i n benzene) 535. Required f o r C^^E^^O^ig^Yi^; hydrolysable methyl, 

11 .79; magnesium, 19*07$^; M, 51O]. 

I n some preparations of t h i s compound analyses much higher than 

those quoted v/ere obtained and d i f f i c u l t y w i t h p r e c i p i t a t i o n occurred 

d u r i n g the molecular weight determinations. 

The i n f r a r e d spectrum of the complex as a n u j o l mull has absorptions 

a t ; 294ls(sh), 2915s, 2849s, 2786s(sh), 2710w(sh), l445s, l406w, 1379m, 

1357w(sh), 1274m, 1267m(sh), 1253m(sh), 1l86m, 1172m, 1099s, 1079s, 

1030s, 950m, 895m, 858W, 785m, 727w, 605s, 520s. 

Reaction between t-butanol and dimethylmagnesium. 

t-Butanol (0 . 7 3 6 g ., O.OO991 moles) v/as slowly added t o a col d 

( - 9 6 ° ) , v i g o r o u s l y s t i r r e d s o l u t i o n of dimethylmagnesium (O-OI moles) 

i n d i e t h y l ether (32 mis.). E v o l u t i o n of methane occurred a t about - 7 0 ° 

g i v i n g a c l e a r s o l u t i o n . Removal of the solvent l e f t a white foam 

which was soluble i n pentane and hexane but could not be c r y s t a l l i s e d . 
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A white s o l i d was obtained by the removal of solvent from a pentane 
solution and heating the s o l i d i n vacuo at 50° f o r two hours. On 
heating under nitrogen the s o l i d decomposed at about 270°. On heating 
i n vacuo the s o l i d slowly sublimed at 200°. [Found: hydrolysable 
methyl, 13*50; magnesium, 21-59^. Required for C^E^^gO; hydrolysable 
methyl 13'36; magnesium 2'] •62%']. 

Attempts to measure the molecular weight cryoscopically i n benzene 

f a i l e d due to the p r e c i p i t a t i o n of a v;hite s o l i d during the determination. 

The p.m.r. spectrum consisted of tv/o broad peaks centred at 8*06 

p.p.m. (10.79T) and 5'9'+.p.p.m. (8«67T) upfield from the benzene standard, 

the former i s assigned to the Mg-GĤ  resonance and the l a t t e r to the 
t 

0-C|̂ Ĥ . The benzene solution used was extremely viscous which may be 

the cause of the broadened peaks. Recorded at 100° the spectrum i s 

much sharper, the Mg-CĤ  resonance i s s t i l l single but the 0-Ĉ Ĥ ^ 

resonance i s s p l i t i n t o two components, separation 0-07 p.p.m., the 

one at low f i e l d being the most intense. 
Thiols. 

Reaction between t - b u t y l t h i o l and dimethylmagneslum. 

t - B u t y l t h i o l (1*13 mis., 0*01 moles) dissolved i n 10 mis. of ether, 

was added dropiNrise to an ethereal solution of dimethylraagnesium (0*01 moles) 

at -78° with vigorous s t i r r i n g . Methane evolution began at about -60° 

and continued smoothly u n t i l the system reached room temperature. 

Removal of the ether l e f t a white foam which v;as insoluble i n hexane sind 
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and toluene. The foam was redissolved i n ether, the solution 
f i l t e r e d and a white s o l i d precipitated by addition of hexane. 
The s o l i d was dried i n vacuo. The s o l i d reacted vigorously \;fith 
v;ater but gave only small amounts of methane. [Found: hydrolysable 
methyl, 1*89; magnesium, l i f 21%'. Calculated f o r CgĤ gŜ Hg i.e. 
MgCSBu*)^: hydrolysable methyl, zero; magnesium 12-0?^]. Heating 
the s o l i d under nitrogen produced no vi s i b l e change up to 200°. 

The infrared spectrum of the s o l i d was recorded as a nujol mull, 

2959s, 292^s, 28if9s, 1^53s, 1372m, 1263W, I2l8w, 1l63ra, 11if9m, 1099m, 

1028m, 82OW, 8oow, 720w, 578m, 

The reaction was repeated i n the presence of tetrahydrofuran. 

Addition of t - b u t y l t h i o l (l ' 1 3 mis., 0«01 moles) dissolved i n 

d i e t h y l ether (IO mis.) to dimethyImagneslum (0«01 mole) at -78° 

i n the presence of an excess of tetrahydrofuran (2'5 ml., 0-023 mole) 

causes evolution of methane on s l i g h t warming producing a clear 

solution. Removal of a small amount of the solvent caused a white 

s o l i d to c r y s t a l l i s e . The so l i d wels f i l t e r e d and dried i n vacuo. 

On heating under nitrogen the white c r y s t a l l i n e s o l i d , shrank rapidly 

and became amorphous, presumably v;ith loss of tetrahydrofuran at 107-109'' 

and then remained unchanged up to 230°. [Found: hydrolysable methyl, 

7'37; magnesium 12-305 ;̂ M(cryoscopically 1'69, 1*13j 0-85 wt.-% i n 

benzene) 4l0, if10 and k08. Required f o r ^i8\o^^2°2'^2' ^^'^^^^^^^'^^^ 

methyl, 7'k9; magnesium, 12*125̂ ; M, 401]. 
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The p.m.r. spectrum was recorded as a~30?^ solution i n benzene. 

Chemical s h i f t s are quoted as p.p.m. s h i f t upfield from benzene with 

T values i n brackets. 

Chemical s h i f t Coupling constants Assignment 
J c.p.s. 

3'2k (3-97) 

3.3̂ + (6-07) T r i p l e t 6'0 O-CĤ  of THF 

3'kk (6.17) 

5-53 (8-26) S-Bu* 

3-83 (8.56) Multiplet 2'k O-CĤ -CĤ  of THF 

7-98 (10.71) Mg-CĤ  

The infrared spectrum recorded as a nujol mull contained 

absorptions at; 29^1s(sh), 2899s, 2849s, 2778m, 2703w(sh), 2667w(sh), 

1436s, 1379ra, 1364m, 1348w, 1299w, 1263w, 1250w(sh), 1215W, 1170m, 

1153m, 1106s, 1074m, 1022s, 952w, 917m, 880m, 821m, 800m, 733w(sh), 

721w, 680w, 669w(sh), 579m, 491s. 

Reaction between dimethyImagnesium and isopropylthiol. 

Isopropylthiol (0>762g., 0*01 mole) i n ether (15 mis.) was added 

drop\\rise to a solution of dime thy Imagnesium (0*01 mole) i n diethyl ether 

(32 mis.), cooled to -78°. Methane evolution occurred almost immediately 
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and continued smoothly on v/arming giving a clear solution. Removal 

of the solvent l e f t a white foam which v;as heated at 100° i n vacuo 

for one hour to ensure complete solvent removal. The resulting s o l i d 

was insoluble i n non-donor solvents and was p u r i f i e d by redissolving 

i n a small volume of ether and pr e c i p i t a t i n g i\Q.th hexane. The so l i d 

was f i l t e r e d and dried i n vacuo. [Found: The compound obtained had 

a hydrolysable methane:magnesium r a t i o of 1:1«22. This was taken as 

evidence f o r disproportion and the product was not investigated f u r t h e r ] . 

The reaction was repeated i n the presence of excess tetrahydrofuran. 

Addition of isopropylthiol (0-01 mole) to an ethereal solution 

of diraethylmagnesium i n the presence of tetrahydrofuran (0«05 mole) 

results i n the immediate evolution of methajie giving a clear solution. 

Removal of the solvent gave a viscous l i q u i d which could not be further 

p u r i f i e d . [Found: hydrolysable methyl, 9'19; magnesium, 15*14? .̂ 

Required f o r CgĤ gMgOS; hydrolysable methyl, 8-05; magnesium, ^J>'Ok%. 

The hydrolysable methyl:magnesium r a t i o i s 1:1-02 and the l i q u i d hais the 

empirical formula MeMgSPr^ O.78 (C^HgO)]. 

The infrared spectrum of the l i q u i d contains absorptions at; 

2950s, 289OS, 2857s, 2825m(sh), 2778m, 1if68m, 1if56m, 1387m, 1370m, 

1253rn, 1200m, 11if2m, 1107m, 105ifs, 1031s, 957w, 9l8m, 88ls, 678w, 

621m, 500s. 

Reaction betv/een dime thy Imagnesium and 2-dime thylaminoe thane t h i o l . 

Dropwise addition of 2-dimethylaminoethanethiol (l-O^g., 0-01 mole) 
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at - 60° caused immediate evolution of methane and the formation of a 
white precipitate which was sparingly soluble i n ether. The solvent 
was removed and the s o l i d p u r i f i e d by re c r y s t a l l i s a t i o n from toluene 
at room temperature. On heating the crystals under nitrogen they 
shrank at l80° and melted with decomposition at 193°. [Found: 
hydrolysable methyl, 10*46; magnesium l6.54?i5; H(cryoscopically 
1.84 and 1-22 wt.-^ i n benzene) 552, 569. Required f o r '^20^52'^^4^4' 
hydrolysable methyl, 10*47; magnesium, 16.93/°; Mj 57^] . 

The p.m.r. spectrum of a benzene solution of the complex was 

recorded. Chemical s h i f t s r e l a t i v e to TMS. 

Chemical s h i f t (T) 

10-82 

Assignment 

Mg-CĤ  

7-82 N-CCH^)^ 

Multiplet -S-CĤ -CĤ -N 

The infrared spectrum of the s o l i d v/as recorded as a nujol mull, 

2933s(sh), 2907s, 2859s(sh), 2778m(sh), 2725w(sh), l605w, l462s(sh), 

1449s, I408w(sh), 1372m, 1302m(sh), 1297m, 1255m(sh), 1248m, 1229w(sh), 
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1220;-;, 116%, 1121m, 1096m, I089m(sh), 1050ra, 1032m, 997m, 946m, 894m, 

799w, 766m, 762m, 728m, 667m, 657m, 510s. 

Reaction between di-t-butyImagnesium and t - b u t y l t h i o l . 

T e r t - b u t y l t h i o l (0-902g., 0-01 mole) i n ether (12 mis.) was added 

dropwise to an ethereal solution of di-t-butyImagnesium (0-01 mole) 

at -78°. On s t i r r i n g vigorously a v/hite precipitate appeared at about 

-50° which did not redissolve on b o i l i n g the ether. The precipitated 

s o l i d was f i l t e r e d and dried i n vacuo. On heating the s o l i d under 

nitrogen the compoimd decomposed above 315°. [Found: hydrolysable 

b u t y l , 0*70; magnesium, 11-36^. Required for CgĤ gŜ Mg; magnesium 

12.00^]. 

The infrared spectrum of the s o l i d contained absorptions at; 2915s, 

2778s, 2740m, 2710m, 2674m, I 4 7 l s , 1464s, l406s, 1399s, 1307w, I266w, 

1248w, 1221W, I2O5W, 1172s, 1l60s, 1133m, IO96W, 1074w, 1052m, 103a/, lOOOv;, 

943ra, 895w, 876m, 824m, 800m, 78IW, 765w, 724w, 613m, 580s, 400s. 

The reaction was repeated using the same quantities but adding an 

excess (l-29g., 0-l8 moles) of tetrahydrofuran to the solution. On 

warming the reaction mixture a white precipitate again formed v/hich did 

not redissolve at room temperature. The sol i d v/as f i l t e r e d and dried 

i n vacuo. The t o t a l weight of s o l i d obtained was 0«822g. The 

th e o r e t i c a l l y required amount of magnesium t-butylsulphide v/as 0«912g. 

[Found: magnesium, 11-84^. Required for CgĤ gŜ Mg; 12*00?^]. 
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The infrared spectrum of the s o l i d contains absorptions at; 

2899VS, 2762m, 2725w, 2674w, l460s, 1374s, 1304w, I26lw, 1238w, 1215w, 

1199m, 1163m, 1152ra, 1107w, I074w, 1028w, 952m, 875m, 820ra, 799w, 758w, 

734w(sh), 723w, 577s. 

Reaction betv/een di-t-butylmagnesium and iso-propylthiol. 

Addition of iso-propylthiol (0.94 mis.) i n ether (10 mis.) to a 

solution of di-t-butylmagnesium i n diethyl ether caused a transitory 

yellov/ colour followed by evolution of butane and the formation of a 

white pr e c i p i t a t e . On warming the precipitate gradually dissolved. 

Removal of the ether gave a v;hite s o l i d which was pu r i f i e d by 

r e c r y s t a l l i s a t i o n from pentane at low temperature. On heating under 

nitrogen the compound shrank at 85° , and melted vn.th gas evolution 

from 170-180° giving a viscous semi-solid material which darkened when 

heated up to 320°, [Found: hydrolysable b u t y l , 25*02; magnesium, 

10.52; ether (as vapour) 33'205^; M(cryoscopically, 1.67, 1*12, O.73 

wt.-$^ i n benzene) 485, 485, 460. Required f o r C22^52^2^2^^2' 

hydrolysable b u t y l , 24*77; magnesium, 10.54; ether, 32-145̂ ; M, 4 6 l ] . 

The p.m.r. spectrum of a benzene solution was recorded. Chemical 

s h i f t s are quoted as r values. The expected septet due to S-CHC 

was not p o s i t i v e l y i d e n t i f i e d . 
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Chemical S h i f t 

6-36 "̂^ 

6-47 

6.58 
y quartet 

6."69 J 

Coupling constant 
J c.p.s. 

6-6 

Assignment 

0-CH, 

8.58 
doublet S-CHCCĤ )̂  

8.69 

t r i p l e t 7-2 O-CĤ -CĤ  

The infrared spectrum (nujol mull) contained absorptions at; 

2950s(sh), 2915s, 2857s, 2770m, 2710w(sh), 2674w, I462s, 1383s, 1368m, 

1299W, 1263m, 1247m(sh), 1202m, 1151m, 1125m, 1100m, 1074m, 1053m, 

l020m, lOOOw, 89IW, 870ra, 829^v(sh), 801s, 765w, 722w, 6l4m, 58lra, 500m. 

Reaction betv/een di-t-buty Imagnesium and 2-dimethylaminoethanethiol. 

Addition of 2-dimethylarainoethanethiol (l«04g., 0-01 mole) i n diethyl 

ether to di-t-buty Imagnesium (0-01 mole) i n diethyl ether (33 nil.) 

produced a white precipitate which dissolved almost immediately. As the 
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reaction mixture warmed a white precipitate began to form which did 
not redissolve i n b o i l i n g ether but could be recrystallised from 
toluene m.p. 212-215 ( d e c ) . [Found: hydrolysable butyl, 32'23; 
magnesium, 13*8^; M(cryoscopically 2*4, 2*59 \-it.-% i n benzene) 390, 390. 
Required f o r ̂ -]5^3S%2^2'^2' ŷ<î °lysable but y l , 30*79; magnesium 
13-1^; M, 371]. 

The p.m.r. spectrum of the s o l i d i n benzene solution was recorded. 

I t contained two singlets at 8.527' and 8*127", rel a t i v e to TMS, assigned 

to the Mg-Ĉ Hg and N(CE^)^ resonance respectively. 

The infrared spectrum of the complex ajs a nujol mull contained 

absorptions at; 294ls(sh), 2906s, 2857s(sh), 2747s, 2732s, 2703m(sh), 

2667m(sh), 2604s, l464s, l44ls(sh), 1410\̂ , 1377m, 1370m, 1351w(sh), 

1300s, 126lw(sh), 1250w, 1221W, 1203w, 1l66m, 1l45m, 1122w, IIOOw, 

1063w(sh), l047m, IO3OS, 1000s, 990m(sh), 950m, 939w(sh), 899w, 891w, 

876W, 80is, 763m, 727w, 672w, 668w(sh), 6l0w, 58lw, 532m, 507m, 459m. 

Reaction betv/een die thy Imagnesium and t - b u t y l t h i o l . 

T e r t - b u t y l t h i o l (0*01 mole) i n ether was slowly added to an ethereal 

solution of diethylmagnesiura (0*01 mole) at -78° producing an immediate 

white pr e c i p i t a t e . On v;arming a clear solution was obtained, ethane 

being evolved just below room temperature over a period of t h i r t y 

minutes. To complete the reaction the ether was boiled. On removal 

of the solvent colourless crystals appeared. During the drying process 

the crystals became white ahd s l i g h t l y powdery. On heating the so l i d 
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under nitrogen no appreciable change occurred up to 300°. [Found: 
The analysis figures were found to vary i n di f f e r e n t preparations. Two 
representative figures are given; Ratio ( l ) hydrolysable ethyl:magnesium: 
ether was 1:1:0'63; (2) hydrolysable ethyl:magnesiura:ether was 
1:1.02:0.73]. 

The infrared spectrum of the s o l i d v/as recorded as a nujol mull; 

2924s, 2857s, 2717W, l462s, 138ls, 1368s, 1263m, 1220v/, 1171m(sh), 

1156s, 1121m, 1096m, 1065m(sh), 1045s, I0l9s, 927w, 887w, 8l4m(sh), 

799m, 722w, 599w(sh), 575ra(sh), 557m, 488m(br). 

The experiment was repeated i n the presence of an excess of 

tetrahydrofuran (2 mis., 0-025 mole). No product could be crystallised 

from ether. Removal of the solvent and r e c r y s t a l l i s a t i o n from hexane 

gave a white c r y s t a l l i n e s o l i d m.pt. 72-74°. [Found: hydrolysable 

ethane, 13'74; magnesium, 11*37?»; M(cryoscopically I.36, 0.68 wt.-fo 

i n benzene) 442 and 434. Required for ̂ 20^44^^2'^2'^2' ŷ'̂ rolyŝ '̂ l® 
et h y l , 13*54; magnesium, 11.32%; M,429]. 

The p.m.r. spectrum of a benzene solution of the sol i d was 

recorded. Chemical s h i f t s are quoted as p.p.m. upfield from benzene, 

T values are given i n brackets. 
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Chemical s h i f t Coupling constants Assignment 
J c.p.s. 

3.37 (6.10) t r i p l e t 7 O-CH^-CH^ 

t 
5-51 (8-24) S-C^H^ 

5-35-5-85 (8.08-8.58) O-CH^-CH^ and Mg-CĤ -CĤ  

7-00 (9-73) 

7-13 (9-86) 

7.27 (10.00) 

7.40 (10.13) ) 

The infrared spectrum of the s o l i d was recorded as a nujol mull; 

294ls(sh), 2907s, 2841s, 2755m(sh), 2688m(sh), 1449s, 1374m, 1359m, 

1294w, 1258m, 1209w, 1l63m(sh), 1l49m, 1117m(sh), 1095m, 1067s, 1022s, 

972w, 917m, 876m, 820m, 719w, 575m. 

quartet 13 Mg-CĤ  

Preparation of magnesium t-butylsulphide. 

The t h i o l (0.02 mole) i n ether (10 mis.) v/as added to diethyl-

magnesium (0-01 mole) i n ether (30 ml.) depositing a white precipitate 

at -60°. The precipitate did not redissolve and v/as insoluble i n a l l 

solvents with which i t did not react. The s o l i d v/as f i l t e r e d , washed 

tv/ice with hexane and dried i n vacuo. On heating under nitrogen no 

v i s i b l e change took place up to 300°. [Found: Magnesium, 11-82?̂ . 
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Required f o r CgĤ gŜ Mg; magnesium, 12*00^.] 

The infrared spectrum of the s o l i d as a nujol mull contains 

absorptions at; l453s, 1376s, 1366s, 1297w, 1263w, 12l8w, 1l67s, 1153s, 

1126m, 1110m, 1064m, I028w, 955w, 891w, 875w, 822m, 800v;, 733w, 721w, 

6l3w, 579s. 

Reaction between magnesium t-butylsulphide and excess pyridine. 

Magnesium t-butylsulphide (l*07g., 0*0053 mole) was suspended i n 

toluene (30 ml.) and an excess of pyridine (0*021 mole, 1*676g.) added to 

the vigorously s t i r r e d suspension. No vis i b l e reaction took place 

but on b o i l i n g the toluene the precipitate became a pale yellow colour. 

The s o l i d was f i l t e r e d , washed with hexane and dried i n vacuo during 

v/hich time i t became white once again. 

The in f r a r e d spectrum of the s o l i d recorded as a nujol mull 

contained no bands attributable to coordinated pyridine; 1464s, 1379s, 

1368s, 1264w, 1220w, 1170s, 1159s, IIOiw, I068w, I042w, I024w, 957w, 

893w, 821m, 800v;, 723w, 700w, 579s. 
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Hydride Chemistry. 

Reactions of a l k a l i metal hydrides with diethyImagnesium. 

The reaction between the a l k a l i metal hydrides and diethyImagnesium 

was studied i n various solvents, namely diethyl ether, tetrahydrofuran and 

1,2-dimethoxyethane (abbreviated to monoglyme i n the table belov/). The 

course of the reaction, i f any, was followed by hydrolysis of aliquots 

of solution and the measurement of any hydrolysable gases. In a 

t y p i c a l experiment diethylmagnesiura (0*1 moles) i n 100 mis. of ether was 

refluxed with a large excess of hydride (500^) i n a n i t r o g e n - f i l l e d 

two-necked flask f i t t e d v/ith r e f l u x condenser. Samples v/ere v/ithdravm 

by syringe from time to time. The results are tabulated below. 

A l k a l i 
metal 
hydride 

NaH 

Solvent 

Et^O 

Time 
(hrs.) 

72 

NaH THF 72 

Result 

( i ) No drop i n 
hydrolysable 
ethyl, 

( i i ) No hydrolys
able hydrogen 

( i ) Hydrolysable 
Et drops by 
80?̂ . 

( i i ) No.hydrolys
able H appears 

( i i i ) No compound 
extracted from 
s o l i d , v;hich 
contains no 
hydrolysable 
Et 

Conclusion 

No reaction 

Reaction v/ith 
solvent 
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A l k a l i 
metal 
hydride 

NaH 

LiH 

LiH 

KH 

Solvent 

Monoglyme 

Monoglyme 

Et^O 

( i ) Et^O 

( i i ) Remove . 
most of 
solvent 
(1000c) 

Et^O 

Time 
(hrs.) 

12 

24 

26 

12 

24 

Result 

( i ) 100^ loss of 
hydrolysable 
ethyl, 

( i i ) No hydrolys
able hydrogen 

( i i i ) Solid residue 
contains Mg 
but no 
hydrolysable 
ethyl. 

( i ) No loss of 
hydrolysable 
ethyl. 

( i ) No loss of 
hydrolysable 
ethyl, 

( i i ) No hydrolys
able hydrogen. 

( i ) Small loss of 
hydrolysable 
ethyl, 

( i i ) No hydrolys
able hydrogen 

( i ) Small loss of 
hydrolysable 
ethyl 

( i i ) No hydrolys
able hydrogen 

Conclusion. 

Reaction \-rith 
solvent. 

No reaction 

No reaction 

No reaction 

No reaction 

Attempted preparation of l i t h i u m dimethylmagnesiixm hydride. 

The proposed route was as follovi/s, 

Mê Mg LiBu n Li[Me2MgBu"] LiMg(CH^)2H + C^E^CE=CE^ 
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A clear yellowish solution of n-butyl-lithium (0*01 mole) i n hexane 
(5 .2 mis.) was slowly added t o a solution of dimethyImagnesium (O-OI mole) 
i n d i e t h y l ether (23 mis.) with the evolution of heat. Removal of the 
solvent l e f t a viscous l i q u i d v/hich could not be p u r i f i e d . [Found: 
hydrolysable methyl, I5.04; hydrolysable bu t y l , 28 .64; magnesium, 12.60^. 
Required f o r Ĉ QĤ ÔLiMg i . e . LllKgiCE^)^{C^E^)2MC^E^)hydrolysable 
methyl, 15«6l; hydrolysable b u t y l , 29*66; magnesium, 12.63?^]. 

The infrared spectrum of the l i q u i d contained absorptions at; 

1486m, 1462s, l449s, 1387s, 1370m, 1333w, 1325w, 1304m, 1285m, 1263v/, 

1l82s, 1151s, 1092s, 1057s, 1019s, 1000s, 979s, 936m, 901m, 864m, 834m, 

786s, 548-500S. 

The viscous l i q u i d was heated at 130° f o r 14 hours. During t h i s 

time a gas v/as steadily evolved which was shov/n by i t s infrared spectrum 

to be ether (215N ccs., O.OO96 mole) with a l i t t l e butene (27N ccs.). 

A pale yellow s o l i d remained v/hich analysed correctly f o r Li[Mg(CH^)2(C^H^)] 

by hydrolysable methyl and butyl but contained a l i t t l e hydrolysable 

hydrogen. This product v/as heated to 170° f o r I6 hours during which 

time I98N ccs. (O.OO88 moles) of butene were evolved leaving an off-v/hite 

s o l i d . (Total amount of butene evolved i s 225N ccs. which was the 

t h e o r e t i c a l l y required amount). The infrared spectrum of the s o l i d 

contained the follov/ing absorptions, I2O5, II90 and continuous absorption 

from 1075 cm. This i s consistent \^^ith the s o l i d being a mixture of 

dimethyImagnesium and l i t h i u m hydride. 
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Extraction of the s o l i d vidth d i e t h y l ether gave a solution of 

dimethylmagnesium proved by analysis (9^% yield) and l e f t l i t h i u m hydride 

as a s o l i d ( i d e n t i f i e d by infrared spectrum). 

The p.m.r. spectrum of the l i q u i d Li[MgMe2Bu"].0Et2 i n benzene 

soltition vras as follows. Chemical s h i f t s are quoted as p.p.m. 

upfi e l d from the benzene resonance. 

Chemical s h i f t Coupling 
const, p.p.m. 

3-71 (6*44) 

3-82 (6*55) 

3.94 (6.67) 

4'05 (6*78) 

Quartet 0.11 

Assignment 

O-CĤ  of ether 

5'52 (8*25) Multiplet CĤ -CĤ -CĤ  of butyl 

6.11 (8*84)'A 

6*22 (8.95) 

6.33 (9'06) J 

y T r i p l e t 0.11 O-CĤ -CĤ  of ether 

7-38 (10.11)A 

7'51 (10.24) t T r i p l e t 

7'63 (10.36) , 

0.12 Mg-CĤ -CĤ  

8.37 (11-10) Mg-CĤ  



- 131 -

Integration of the p.m.r. spectrum gives the following r e l a t i v e 

i n t e n s i t i e s Mg-CĤ  Mg-CĤ  ( 1 - 2 ) , O-CH^ ( 2 « 7 ) , CH^-CH^-CH^ + 

(0-CH2)-CH^ ( 8 « 7 ) . Using the f i r s t three figures t h i s gives a 

methyl:butyl:ether r a t i o of 1 : 0 . 5 1 : 0 . 5 6 . Required for Lir^g(CH^)2C^H^.0Et2, 

methyl:butyl:ether r a t i o of 1 : 0 . 5 : 0 . 5 . 

Reactions between a l k a l i metal hydrides and ethylmagnesium bromide. 

Lithium hydride and ethylmagnesium bromide i n ether. 

Lithium hydride ( 0 » 2 6 g . , 10% excess) i n a f i n e l y powdered form was 

placed i n a 2 5 0 ml. two-necked f l a s k and covered with 2 0 0 mis. of diethyl 

ether. Ethylmagnesium bromide ( 3 * 9 9 g . ) i n diethyl ether ( 17 mis.) was 

added to t h i s and the solution made up to 2 5 0 mis. The solution was 

refluxed and continuously s t i r r e d , the course of the reaction being 

followed by hydrolysis of samples taken at various times. After 

refluxing for a to t a l of 2 0 hours the composition of the solution showed 

no change. 

A s i m i l a r r e s u l t was obtained on using a large excess of lithium 

hydride, removing the ether and heating to 9 0 ° . 

Potassium hydride and ethylmagnesium bromide i n ether. 

A large excess of potassium hydride ( 5 ' 1 2 g . ) i n powder form v/as 

covered with 150 mis. of diethyl ether i n a 2 5 0 ml. two-necked f l a s k 

and ethylmagnesium bromide ( 3 * 9 9 g . ) i n diethyl ether added. After three 

days of continuous s t i r r i n g and refluxing the magnesium content of the 

solution had dropped to 5 5 ^ of i t s original value and the hydrolysable 
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ethyl content remained constant. Further refluxing did not change 
the composition of the solution. 

Potassium hydride and ethylmagnesium bromide i n 1,2-dimethoxyethane. 

Wen t h i s reaction was attempted i t was found that addition of the 

ethylmagnesium bromide caused an immediate white precipitate and that 

the magnesium:hydrolysable ethyl r a t i o rose from 1:1 to ̂ :^^22. On 

refluxing the mixture overnight a l l the hydrolysable ethyl and 9 5 ^ 

of the magnesium content disappeared from solution. 

Reaction between ethylmagnesium bromide and 1,2-dimethoxyethane. 

Addition of 1,2-dimethoxyethane ( 0 « 9 g . ) to ethylmagnesium bromide 

( l * 3 3 g . ) i n diethyl ether ( 2 0 mis.) gave an immediate v/hite precipitate 

with the evolution of heat. Extraction with diethyl ether and 

c r y s t a l l i s a t i o n gave a v;hite c r y s t a l l i n e s o l i d m.p. 1 ^ 7 - 1 ^ 9 ° « [Found: 

Mg, 6 « 6 2 , bromine, 43*2?^. Required for CgH^QO^MgBr^; Mg, 6 « 6 7 ; Br, 

^ 3 - 8 6 ^ ] . 

The infrared spectrum of the s o l i d was .essentially that of 

coordinated 1,2-dimethoxyethane. 

Reaction of sodium trimethylboron hydride with diethylmagnesium. 

Sodium triethylboron hydride ( 0 . 0 1 moles) i n diethyl ether ( 1 3 mis.) 

was slov/ly added to a solution of diethylmagnesiimi ( 0 ' 8 2 % . , 0*01 mole) 

i n d i e t h y l ether cooled to - 3 0 ° . No immediate precipitate v/as produced 

but on v;arraing to approximately 0 ° a precipitate suddenly formed. The 
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reaction qiixture was s t i r r e d at room temperature for one hour. Removal 

of the solvent at 50° i n vacuo l e f t a white s o l i d . 

Analysis of the white s o l i d precipitated at 0° gave a hydrolysable 

hydrogen:magnesium:ethyl r a t i o of 1.^5:1:0.55. A qualitative test 

showed that no boron was present. 

Analysis of a sample (0'0k327s.) of the white s o l i d produced by 

removal of the solvent gave the r e s u l t s indicated below; 

Hydrolysable hydrogen 7.895x10"^ moles 7-955x10"^. 

Hydrolysable ethyl (H^O) 1.392x10"^ moles 4'0if2xl0~\. 

Hydrolysable ethyl (acid) 2.328x10"^ moles 6.768xl0"\. 

Magnesium 
-k 

1.748x10 moles if. 250xl0~^g. 

Sodium 2.92^1x10"^ moles 6.722xlO"\. 

2.258xlO~\. 

This l e f t 0'02269g. of the sample unaccounted for. This could be 

triethylboron which v/as the only species not determined. Thus, 

triethylboron (by difference) amounted to 2-318x10"^ moles. 

. I t was noticed that a l l the hydrolysable ethyl present v/as not 

released by water alone, even on boiling. Addition of dilute sulphuric 

acid was necessary to release the remaining ethane. These tvvfo quantities 

reported as 'hydrolysable ethyl (H^O)' and "hydrolysable ethyl (acid)' are 
respectively. Total amount of hydrolysable gas - 4.510x10 moles. 
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Magnesium content should produce two molar equivalents of gas i . e . 

3 * ^ 9 6 x 1 0 " ^ moles. 

Sodium content should produce one molar equivalents of gajs i . e . 

2 ' 9 2 ^ 1 0 moles. 

Therefore t o t a l amount of hydrolysable gas required - 6 ' ^ 2 0 x 1 0 " ^ moles. 

The experiment was repeated i n order to investigate' the s t a b i l i t y of 

the solution at low temperatures. 

A solution of diethylmagnesium ( 0 ' 0 1 mole) i n diethyl ether ( 4 0 mis.) 

was cooled to - 7 8 ° and sodium triethylboron hydride ( l ' 2 2 g . , 0 « 0 1 mole) 

added to i t as a diethyl ether ( 1 5 * 3 ml.) solution. The solution 

remained cl e a r when maintained at - 7 8 ° for five hours. Analysis of 

samples of the solution at various times remained constant. [Found: 

r a t i o of hydrolysable ethyl (H^O):hydrolysable hydrogen i s 1 ' 0 1 : 1 . 

I f acid was added more ethane was evolved. The ethane came off f a i r l y 

slowly but the amount evolved did not account for a l l the ethyl groups 

believed present. In a typical sample the r a t i o , hydrolysable ethyl 

(H^O):hydrolysable hydrogen:hydrolysable ethyl (acid) v/as 1 « 0 1 : 1 : 0 « i f 8 ] . 

N,W,N',N'-Tetramethylethylenediamine ( l ' l 6 g . , O-Ol mole) was added 

to the solution obtained above and the reaction mixture allov/ed to warm 

to room temperature. No precipitate appeared, even on boiling the ether, 

i n the presence of the diamine. Removal of the ether l e f t a sticky 

white s o l i d which was soluble i n aromatic hydrocarbons but not i n 

a l i p h a t i c . No pure products could be obtained from the reaction mixture 
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which v̂ fas not further investigated. 

I t v/as decided to repeat the s e r i e s of reactions v/ith the methyl 

analogues of the compounds mentioned above i n the hope that they would 

provide more tractable products and be more amenable to spectroscopic 

studies. 

Preparation of sodium trimethylboron hydride. 

Methylmagnesium bromide v/as prepaj?ed i n the usual way from magnesium 

turnings ( 2 0 g . ) and methyl bromide ( 6 8 g . ) . Addition of n-butylborate 

dropwise to the s t i r r e d Grignard solution produced trimethylboron which 

was bubbled d i r e c t l y into a vigorously s t i r r e d suspension of excess 

sodium hydride (O .3 mole) i n diethyl ether, where i t was immediately 

absorbed. The reaction was completed by gently warming the Grignard 

solution to release a l l the trimethylboron and f i n a l l y refluxing the 

sodium hydride suspension for two hours. The solution v/as standardised 

by determination of the sodium, boron and hydrolysable hydrogen content. 

Removal of the solvent from a sample of the sodium trimethylboron 

hydride (O.OI5 mole) i n vacuo yielded after prolonged pumping a 

c r y s t a l l i n e substance which v/as soluble i n hydrocarbon solvents and could 

be c r y s t a l l i s e d as long colourless needles from hexane m.p. 4 6 . 5 - 4 7 ° . 

[Found: hydrolysable hydrogen, 1*25; boron, 1 3 * 5 0 ; sodium, 28 .75?^. 

M(cryoscopiGally 1 . 8 3 , O .598 vit.-% i n benzene) 3 2 4 and 3 2 3 . Required 

fop C^^^^^B^Na^; hydrolysable hydrogen, 1 . 2 6 ; boron, 1 3 * 5 4 , sodium, 28-76%. 

M, 3 2 0 ] . 
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The infrared spectrum of the s o l i d was recorded both as a nujol 
mull and as a cyclohexane solution. 

Nujol mull: I 9 0 5 r a(sh), 1876m, l468s(sh), l 4 5 1 s , 1379m, 1 2 6 6 s , 1 1 3 0 s(br), 

1 0 9 8 s , 1 0 4 3 s ( s h ) , 1 0 1 8 s , 9 7 1 m(sh), 8 3 5 w(sh), 797v/, 769w, 719w. 

Cyclohexane solution: 1968m, 1876m, l 4 2 9 m , 1364w, 1 3 3 1 w(sh), 1 2 9 4 s(sh), 

1 2 8 2 s , 1 1 7 6 s , 1 1 5 1 s , 1 1 2 6 s , 1 0 9 6 s , 1064m, 1 0 l 7 w(sh), 1002m, 877w, 791w. 

The p.m.r. spectrum recorded i n benzene solution contains a single 

peak, assigned to the B-CH^ resonance, at W'^Or. In ether the peak 
11 

i s found at 1 0 ' 3 5T. The B spectrum of the compound i n benzene solution 

r e l a t i v e to an external trimethylborate standard contains a broad single 

resonance 2 3 4 c.p.s. upfield from the B(OMe)^ resonance. 

Reaction between sodium trimethylboron hydride and dimethylmagnesium. 

Addition of sodium trimethylboron hydride (O^OI mole) i n hexane 

solution to a s t i r r e d solution of dimethylmagnesium ( 0 « 0 1 mole) i n 

diethyl ether at - 7 8 ° produced an i n i t i a l l y c lear solution v/hich began 

to deposit a white s o l i d j u s t below room temperature. After s t i r r i n g 

at room temperature the s o l i d was f i l t e r e d . Analysis of the s o l i d gave 

the empirical formula MgĤ  M̂ê ^̂ . 

The p.m.r. spectrum of the clear solution at room temperature 

contained a complex of peaks centred at 1 0 « 5 3 T which corresponded vri.th 

the knovm spectrum of sodium tetraraethylboron and a single peak at 11'67 

which was due to the methyl groups attached to magnesium. 
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I t was decided to attempt to follov/ the reaction at low temperatures 
by recording the change i n the p.m.r. spectrum with temperature. 

An equimolar mixture of sodium trimethylboron hydride and dimethyl-

magnesium v/as prepared at - 7 8 ° and a sample quickly transferred to a p.m.r. 

tube also maintained at - 7 8 ° . 

At - 7 8 ° the spectrum consisted of tv/o single peaks at 10*487" and 

1 1 . 6 2 T attributable to the boron-methyl and magnesium-methyl 

resonances respectively. The re s u l t s are tabulated below. 

Peak width at half 
height p.p.m. Intensity r a t i o 

Temp. 6(Mg-Me)-6(B-GH^)p.p.m. B-Me Me-Me B-Me/Mg-Me 

- 7 0 ° 1 « 1 4 0 . 1 1 3 0 . 0 5 7 2 . 0 9 

- 6 0 ° 1 - 2 0 0 . 1 2 0 . 0 5 7 2 - 0 7 

- 5 0 ° 1 . 1 5 0 . 1 3 9 0.044 1*95 

-40° 1 - 2 5 0 . 1 5 7 0 . 0 5 0 2 . 3 6 

- 3 0 ° 1 - 2 6 0 . 1 9 5 0 . 0 5 0 2 . 0 0 

- 2 0 ° 1*32 0 . 2 2 0 . 0 5 7 2 - 3 3 

- 1 0 ° 1 . 2 7 0 . 2 4 6 0 . 0 5 7 3*14 

0 ° 1 . 2 7 0 . 3 2 7 0 . 0 6 3 5 * 1 6 

Only gross changes i n the intensity r a t i o aire s i g n i f i c a n t as the 

data v/ere collected simply by tracing the li n e shapes on constant weight 

paper and weighing these. 

Precipitation begins to occur at - € 0 ° and i s sig n i f i c a n t at 0 ° . 
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The l i n e shape of the B-Me resonance changes from a singlet at - 7 0 ° , 
gradually broadening u n t i l i t i s a complex peak at 0 ° . 

Reaction between sodium trimethylboron hydride and dimethylmagnesium i n 

the presence of N,N,N',N'-tetramethylethylenediamine. 

I t i s knovm that i n the case of the corresponding ethyl compounds 

the diamine prevented the precipitation of a magnesium hydride species. 

N,N,N',N'-Tetramethylethylenediamine (0«01 mole) v/as added to an 

ethereal solution containing an equiraolar mixture of dime thylmagnesium 

(O'OI mole) and sodiiun trimethylboron hydride at - 7 8 ° . On warming no 

precipitate formed, unlike the system i n the absence of amine. Removal 

of some solvent caused the formation of a white c r y s t a l l i n e s o l i d 

m.pt. 9 6 - 9 8 ° . The infrared spectrum of the s o l i d was id e n t i c a l vri.th 

that of N,N,N',N'-tetraraethylethylenediamine-dimethylmagnesium. 

Reaction between ethylmagnesium chloride and sodium triethylboron hydride. 

Addition of an ethereal solution of ethylmagnesixim chloride 

( l * 7 7 g . , 0«02 mole) to a solution of sodium triethylboron hydride 

( 2 ' 4 4 g . , 0 '02 mole) i n diethyl ether gave an immediate precipitate of 

sodium chloride. The solution was allov/ed to s e t t l e and aji aliquot 

of the solution analysed. Addition of water to the sample released 

a l l the hydrolysable hydrogen but only part of the hydrolysable ethyl 

e.g. for a 0«7 ml. sample, found hydrolysable hydrogen:hydrolysable ethyl 

(H^O) was 1:6.85. Addition of acid brought the ratio to 1:1.02. Thus 
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for the sample the r a t i o t o t a l hydrolysable ethyl:hydrolysable hydrogen: 

magnesium:boron was 1:0.98:1.01:0.98. 

An aliquot of the solution v/as concentrated and the p.m.r. spectrum 

recorded. The spectrum contains, besides the resonances due to ether, 

peaks at 9*02, 919i 9*28 and a broad peak centred at 9.6O. No 

resonances due to the ethyl group attached to magnesium could be 

detected. 

Tlie infrared spectrum contains absorptions at; l887w, l456m, 1395ni, 

1292W, 1266w, II9OW, 1153™, 1093s, 1067s, 1046s, 1002m, 926w, 896w, 864w, 

833w, 793w, 779w, 508w. 

An aliquot of the f i l t e r e d solution was taken and the solvent 

removed at -30°. On warming the remaining viscous l i q u i d was pumped 

for 20 hours and the v o l a t i l e components trapped i n l i q u i d a i r . 

Analysis of the remaining viscous l i q u i d shov/ed that i t had a 

hydrolysable ethyl:hydrolysable hydrogen:magnesium rati o of 1.0:1.1:1.0 

and that 25% of the boron had been removed. Once again the addition 

of acid was necessary to release a l l the hydrolysable ethyl. 

A second aliquot.of the solution was taken and the ether removed 

leaving a viscous l i q u i d . Excess trimethylamine was condensed on to the 

l i q u i d and kept, at -78° overnight. Removal of the excess trimethylaraine 

l e f t a viscous l i q u i d which on heating to 110° became a v/hite s o l i d . 

The infrared spectrum of this s o l i d consisted simply of the peaks due to 
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nujol and a continuous absorption from 1379 cmT 

The white s o l i d was extracted with benzene and the benzene solution 

analysed. The solution contained only hydrolysable ethyl and magnesium 

i n the r a t i o s 2 : 1 . A p.m.r. spectrum of the solution showed the 

presence of diethyl ether. An unknown amount of boron was also present. 

Reaction betv/een sodium trimethylboron hydride and methylmagnesium bromide. 

Immediate precipitation of sodium bromide occurred when sodium 

trimethylboron hydride (0 .04 moles) was added to methylmagnesium bromide 

(0*04 moles) i n diethyl ether. After f i l t r a t i o n an aliquot of the 

solution was analysed. [Found: hydrolysable methyl:magnesium:hydrolysable 

hydrogen v/as 0 . 95 :1 :1 .02 . Once again a l l the hydrolysable methyl was 

not released by water and boiling with acid v/as necessary. As the 

analyses shov/ the r a t i o s sire not exactly correct, but as only a l i t t l e 

sodium (the ratio., magnesium:sodium was 1:0-015) v/as present i t v/as 

assumed that the hydrolysable methyl was d i f f i c u l t to r e l e a s e ] . 

Ten mis. of the f i l t e r e d solution (containing 0-0054 moles of 

magnesium) v/ere taken and an excess of trimethylamine condensed on to i t . 

The reaction mixture was allowed to remain at - 7 8 ° overnight. A v;bj.te 

s o l i d appeared v/hich dissolved on wa-rming. At almost room temperature 

a greyish precipitate began to form which did not dissolve on boiling. 

The precipitate was f i l t e r e d and dried i n vacuo. [Found: hydrolysable 

hydrogen, 2 .35; magnesium, 31*99^; hydrolysable methane, 0 . 5 6 ^ ] . 

This corresponds to a H:Mg:He r a t i o of 1 .76:1:0.25. 
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Removal of the solvent from the f i l t r a t e ' l e f t a v/hite s o l i d which 

l o s t weight i n vacuo and trimethylboron was collected. The infrared 

spectrum of the s o l i d showed i t to be dimethyIraagnesium although 

hydrolysis gave a small amount of hydrogen. 

Pyrolysis of di-isopropylmagnesium. 

An ethereal solution of di-isopropylmagnesium (50 mis., 5*86 

millimoles) was made ether-free by removal of the solvent i n vacuo, 

i n i t i a l l y at room temperature and f i n a l l y at 7 0 ° overnight. During 

th i s time 5*3N ccs. of propane and 18.24N ccs. of ether v/ere collected. 

The temperature was increased to 130-140° v/hen rapid gas evolution 

began to take place. The heat was removed when 65N ccs. of gas had 

been evolved. Analysis of the gas mixture by bromination of the 

o l e f i n content and reraeasurement showed that i t contained 93*4% propene, 

5.2% propane and a l i t t l e ethane. The s o l i d remaining was 

st i c k y and yellowish i n colour. The s o l i d v/as refluxed v/ith ether. 

The insoluble residue was shov/n to be magnesium hydride by analysis and 

infrared spectrum while analysis of the solution showed that i t 

contained di-isopropylmagnesium (0.48 millimoles of magnesium, 0-90 

millimoles of propane and 0.02 miliimoles of hydrogen) with a small 

hydrolysable hydrogen content. 

Pyrolysis of di-isopropylmagnesium containing some ether. 

An ethereal solution of di-isopropylmagnesium (18 mis., 2.1x10 ^ moles) 

was placed i n a tube, attached to a vacuum system and the bulk of the 



- 142 -

ether removed. When a sticky s o l i d v/as obtained the tube was heated 
to 140°. Almost immediately a colourless sublimate formed i n a cooler 
part of the tube. After heating overnight only 13^ of the expected 
amount of gas had been evolved. The temperature was raised to 200° 
for twenty four hours after v/hich time 32Si of the total possible gas 
had been evolved. Heating for a further twenty four hours raised the 
t o t a l gas evolved to 46^ at v/hich point the heat v/as removed. Analysis 
of the evolved gas showed i t to be a mixture of propane and 82?o propene. 
The s o l i d product l e f t was a dark brovm glue which was not investigated 
further. 

Only a small amount of the colourless sublimate could be removed 

from the tube. The infrared spectrum showed s i m i l a r i t i e s to those of 

isopropylraagnesium ethoxide and isopropylmagnesiiun isopropoxide but 

v/as i d e n t i c a l to neither. 

P y r o l y s i s of [2-dimethylaminoethyl(methyl)amino]isopropylmagnesium. 

A weighed amount of the complex (0.1394g., 0.827 millimoles) was 

placed i n a two-necked flask , dissolved i n 10 mis. of a high boiling 

paraffin o i l (purified by d i s t i l l a t i o n from lithium aluminium hydride 

followed by fractionation on a vacuum l i n e ) , and heated i n vacuo at 130° 

for 12 hours after which time 50?̂  of the expected amount of gas had been 

evolved. The infrared spectrum of the gas shov/ed i t to be only propane 

and not propene as expected. No product could be isolated from the o i l 

and the experiment was abandoned at t h i s stage. 
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Pyrolysis of s o l i d [2-dimethylaminoethyl(methyl)amino]-t-butyl-

magnesium at 170° for 17 hours gave a similar dark brown s o l i d product 

which evolved no gas on hydrolysis. 



DISCUSSION 
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Discussion. 

Dimethyl- and diethyl-magnesium have been shown, by X-ray powder 

d i f f r a c t i o n methods, to be polymeric solids containing magnesium-alky 1-

magnesium bridges. ̂ ^'-^^ The higher alky I s v/hich have been prepared 

have s i m i l a r physical properties i . e . they are white solids, insoluble 

i n non-donor solvents, and i t i s a reasonable assumption that they too 

consist of long l i n e a r polymeric chains. This situation contrasts 

markedly with that of beryllium where only dimethyIberyIlium has a 

s i m i l a r s t r u c t u r e , t h e higher a l k y l s having a much lower degree of 

association. ̂ -̂ '̂ ^ The smaller s i z e of the beryllium atom must be the 

main contributing factor to this situation, s t e r i c hindrance preventing 

the formation of a l i n e a r polymer i n a l l but the l e a s t hindered 

beryllium a l k y l s . Although no gross change i n structure occurs i n the 

magnesium a l k y l s as the s i z e of the a l k y l group increases i t i s l i k e l y 

that the strength of the bridge bond villi be affected. The follov/ing 

order i s suggested for the strength of the Mg-C-Mg bridging bond v/ith 

changing alley 1 group, 

Me > E t > i-Pr > t-Bu 

This order i s substantiated by the nature of the coordination 

complexes prepared and by the ease of removal of diethyl ether from an 

ethereal solution of the a l k y l s . Thus on cooling a solution of 

dimethylmagneslum i n diethyl ether long needle-like c r y s t a l s form 

(at -78") but on warming the product, ether i s readily l o s t . I f 
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c r y s t a l l i s a t i o n i s carried out at room temperature by p a r t i a l removal 
of the solvent, solvent-free dimethylmagnesium i s obtained. Diethyl
magnesium behaves i n an analagous fashion, c r y s t a l l i s a t i o n at room 
temperature gives the uncoordinated metal-alkyl while at low temperature 
a c r y s t a l l i n e s o l i d , reported to be MgEt^.OEt^, i s formed, which loses 
ether at about 0°. Removal of the ether from di-isopropylmagnesium 
i s more d i f f i c u l t . Pumping i n vacuo, at room temperature, leaves a 
viscous l i q u i d FT^.^g.(M^OX^^ v/hich loses ether only very slov/ly, the 
process being almost complete after 14 hours. So far, complete 
removal of the diethyl ether from di-t-butylmagnesium, without 
decomposition, has not been achieved. 

Reaction with donor molecules. 

Because of the polymeric nature of the d i a l k y l - and diarylmagnesium 

compounds coordination complexes with donor molecules aire only formed 

when the free energy of coordination of the donor i s greater than 

the free energy of polymerisation of the organomagneslum compound. 

X-Ray data shov/ that the bonds i n the polymer chains are stronger i n 
33 34 

the case of magnesium than those of the beryllium polymer. ' Thus 

i t i s to be expected that the coordination complexes of dialkylmagnesium 

compounds w i l l lose the donor molecule more readily than the 

corresponding beryllium compounds. Reactions between organomagnesium 

compounds and various chelating ligands v/ere investigated f i r s t as these 

v/ere considered most l i k e l y to give stable c r y s t a l l i n e products. 
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N,N,N',N'-Tetramethylethylenediamine r e a c t s w i t h dimethyl-, 

d i - i s o p r o p y l , d i - t - b u t y l - and diphenylmagnesium to give c r y s t a l l i n e 

c o o r d i n a t i o n complexes H^l-'ig.il'le^i'l)^C^E^ which are a l l monomeric i n benzene. 

They most probably have the s t r u c t u r e , 

He^ 

Mg p (R = He, Ph, i - P r , -t-Bu) 
/ \ / C H 

R IV 

Me^ 

The complexes a l l sublime i n vacuo although both Pr''"2Mg. ̂ ^^'^•^^-^^^ 

and '&-\x'^^g.{¥iQ^)decompose s l o w l y on heating and the diphenyl

magnesium complex sublimes only a t high temperatures (--250°). 

The p.m.r. s p e c t r a of the d i - i s o p r o p y l - and di-t-butylraagnesium 

complexes c o n t a i n s i n g l e resonances due to the N-CH^ and N-CH^ groups 

of the l i g a n d i n d i c a t i n g the presence of only one type of nitro g e n atom 

and t h e r e f o r e four-coordinate magnesium. Cooling to -70° produces no 

change i n the spectrum of '^•\x'^I^.^JAQ^)This c o n t r a s t s v;ith the 

behaviour of ^Q.^M^O^^^^ i n which the N-CH^ and N-CK^ resonances 

both s p l i t a t low temperatures i n d i c a t i n g the presence of two types of 

n i t r o g e n atom and hence three coordinate b e r y l l i u m . 

DimethyImagnesium a l s o forms a c r y s t a l l i n e complex \d.th N,N,N',N'-

tetramethyl-o-phenylenediamine, which i s monomeric i n benzene. I n 

c o n t r a s t to the N,N,N',N'-tetramethylethylenediamine complex, t h i s l o s e s 
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l i g a n d on h e a t i n g above 70°. T h i s i s probably due to the lower 

b a s i c i t y of N,N,N',N'-o-phenylenediainine where there i s a p o s s i b i l i t y 

of d e l o c a l i s a t i o n of the n i t r o g e n lone p a i r s v/ith the Tt-electrons i n 

the phenyl r i n g (fig.3D). 

The 1,2-dimethoxyethane complex of dimethyImagnesium a l s o l o s e s 

l i g a n d on warming. The corresponding b e r y l l i u m compound behaves 

s i m i l a r l y although i t can be sublimed unchanged i n the presence of a 
98 

low p a r t i a l p ressure of l i g a n d . 

DimethyImagnesium does not form a s t a b l e complex with b i p y r i d y l , 

the i n i t i a l l y formed y e l l o w c r y s t a l l i n e complex r a p i d l y darkens. I t 

i s thought t h a t t h i s i s due to a d d i t i o n of the magnesium-methyl group 

a c r o s s the C=N bond of the b i p y r i d y l . 

Complexes of diphenylmagnesium are g e n e r a l l y more s t a b l e than the 

corresponding dialkylmagnesium complexes as the electron-withdravri.ng 

nature of the phenyl group i n c r e a s e s the acceptor p r o p e r t i e s of the 

magnesium atom. Thus diphenylmagnesium forms a 1:1 complex, presumably 

c h e l a t e d , v/ith 1,2-dimethoxye thane and a 1:2 complex v/ith the 

monodentate l i g a n d , t e t r a h y d r o f u r a n . The tetrahydrofuran complex, 

MgCCgH^)^* ^^i^g^'^^ P^^®^*^®^ ^ measurable vapour pressure a t 25°. 

Vapour p r e s s u r e measurements give a value o f ~ 9 kcals./mole f o r the 
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heat of c o o r d i n a t i o n of t e t r a h y d r o f u r a n . T h i s value must be t r e a t e d 

v/ith c a u t i o n as the measurements of the vapour pressure v/ere made only 

f o r ascending temperature. The recombination could not be s t u d i e d as 

the r e a c t i o n between vapour and s o l i d i s too slov/. The vapour pressure 

i n c r e a s e s markedly above the melting point (7*43cm. a t 126*2°, 9«00cm. 

a t 138°, 10.93cm. a t 151'5° and 13.42cm. a t 160°) and recombination i s 

f a s t e r . 

Removal of h a l f of the t e t r a h y d r o f u r a n from MgCCgH^)^.(C^HgO)^ 

l e a v e s a y e l l o w r e s i d u e v/hich cannot be p u r i f i e d . The i n f r a r e d 

spectrum of the r e s i d u e c o n t a i n s a l l the absorptions present i n a 

spectrum of bis-tetrahydrofuran-diphenylmagnesium and many others. 

I t i s p o s s i b l e , t h e r e f o r e , t h a t removal of h a l f the tetrahydrofuran 

l e a v e s a mixture of diphenylmagnesitim and the b i s - t e t r a h y d r o f u r a n complex. 

Di-t-butyImagnesium forms a c r y s t a l l i n e complex with 1,iHdioxan 

which decomposes on h e a t i n g before l o s i n g dioxan. The dioxan i s not 

d i s p l a c e d from the complex by t e t r a h y d r o f u r a n nor by trimethylaraine, 

but i s d i s p l a c e d by N,N,N',N*-tetramethylethylenediamine. 

Tetrahydrofuran forms a 2:1 complex with di-t-butylmagnesium v/hich 

i s c r y s t a l l i n e m.p. 132-5°. The complex d i s s o c i a t e s i n benzene 

s o l u t i o n . A p l o t of degree of a s s o c i a t i o n a g a i n s t concentration i s 

show, i n f i g u r e 31. Various d i s s o c i a t i o n schemes are p o s s i b l e : 

( i ) Bu*2^%(C^HgO) Bu^^Mg.C^HgO + C^HgO 



I : M i ' 
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:;Degree'Of association. 
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( i i ) xBu^^^IgCC^HgO)^ •F=^ (Bn^^Kg)^ + 2xC^HgO 

( i i i ) 2Bu^2^g(C^HgO)2 (Bu^^^g.C^HgO)^ + ^C^HgO 

( i v ) nBu^^^gCC^HgO)^ ;=e (Bu*2'^g.C^HgO)^ + nC^HgO 

I f d i s s o c i a t i o n according to the above schemes becomes complete 

( i . e . r e a c t i o n goes completely to the r i g h t ) a t i n f i n i t e d i l u t i o n , 

then the degree of a s s o c i a t i o n ought to reach a l i m i t i n g value a t t h i s 

p o i n t . F o r schemes ( i ) and ( i i ) t h i s v / i l l be 0.5, f o r scheme ( i i i ) 

0.66 w h i l e f o r scheme ( i v ) the value w i l l be n/(n+l) where n i s an 

i n t e g e r equal to the degree of a s s o c i a t i o n of the magnesium s p e c i e s 

formed on d i s s o c i a t i o n . F i g u r e 31 shows th a t the degree of a s s o c i a t i o n 

a t i n f i n i t e d i l u t i o n f o r Bu^^AgiC^QO)^ i s — 0 . 6 8 v/hich i n d i c a t e s t h a t 

scheme ( i i i ) i s the probable method of d i s s o c i a t i o n . The product 

(Bu^^g.CiB.QO)^ has a number of p o s s i b l e s t r u c t u r e s . The two most 

l i k e l y a r e shov/n ( I and I I ) . 

Mg Mg Mg Mg 

t - ^ \ / \ t ^ ^ ^ 

CH^ CH^ ^^^3^3 

CH^ CH^ 

I I 
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A s t r u c t u r e w i t h a mixed a l k y l , oxygen bridge can a l s o be dravm. 
Although no r e a l choice can be made between the two s t r u c t u r e s , the 
use of the bulky t - b u t y l group to form an e l e c t r o n d e f i c i e n t bridge 
i n s t r u c t u r e I I would seem to be l e s s l i k e l y on s t e r i c grounds. 

R e a c t i o n between alkylmagnesium h a l i d e s and donor molecules. 

Organomagnesium h a l i d e s show no general r e a c t i o n i n the presence 

of donor molecules. Thus i n d i e t h y l e t h e r the s p e c i e s RMgX.(Et^O)^ 

i s normally obtained on c r y s t a l l i s a t i o n . I n tetrahydrofuran 

and other e t h e r s however, RMg^X^, s p e c i e s can be obtained ' while 

a d d i t i o n of the c h e l a t i n g e t h e r , 1,4-dioxan causes a complete 

d i s p r o p o r t i o n a t i o n i n t o d i a l k y l ( a r y l ) m a g n e s i u m and magnesium h a l i d e . ^ ^ 

A d d i t i o n of the c h e l a t i n g diamine, N,N,N*jN'-tetramethylethylene-

diaiiiine to methylmagnesium bromide does not cause d i s p r o p o r t i o n a t i o n but 

g i v e s an immediate white p r e c i p i t a t e from which a c r y s t a l l i n e s o l i d , 

ra.p. 125-126° which has the e m p i r i c a l formula CE^MgBr.iMe^)^C^E^^. 

CE^MgBr.(Mie^)^C^^^, can be sublimed. T h i s s o l i d i s not a mixture 

of dimethylmagnesium N,N,N',N'-tetramethylethylenediamine and the magnesium 

bromide complex as the melting p o i n t i s shairp and d i s t i n c t from those of 

the symmetrical complexes and the i n f r a r e d spectrum i s i d e n t i c a l to th a t 

of the dimethyImagnesiura complex and con t a i n s no absorptions due to the 

magnesium bromide complex, yigBr^il^le^)^C^^^. 

A f t e r t h i s work had been completed, Ashby published some work on the 

a d d i t i o n of t r i e t h y l a m i n e to ethylmagnesium bromide and i s o l a t e d a s i m i l a r 

complex with a Mg:Br:N r a t i o of 1:1:1. 
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Measurement of the molecular weights of organomagnesium h a l i d e s 

i n d i e t h y l e t h e r s o l u t i o n have s h o ™ t h a t the degrees of a s s o c i a t i o n 

73 

i n c r e a s e v/ e l l above dimers a t higher c o n c e n t r a t i o n s . t-Butylmagnesium 

c h l o r i d e , however, d i d not i n c r e a s e i t s degree of a s s o c i a t i o n above two 

a t h igh c o n c e n t r a t i o n s . 

Removal of a l l the d i e t h y l e t h e r from a s o l u t i o n of t-butyImagnesium 

c h l o r i d e and r e c r y s t a l l i s a t i o n from hexane g i v e s a c r y s t a l l i n e s o l i d , 

Bu^MgCl.OEt^i which i s dimeric i n benzene. I n order to prepare c r y s t a l s 

of t h i s compound two c o n d i t i o n s are necessary, ( i ) the t-butyl:magnesium: 

c h l o r i d e r a t i o i n the o r i g i n a l ether s o l u t i o n must be e x a c t l y 1:1:1 and 

( i i ) as much d i e t h y l e t h e r as p o s s i b l e must be removed before the 

a d d i t i o n of hexane. 

There are three p o s s i b l e s t r u c t u r e s f o r the complex, 

2 
Mg^ /Mg^ 

y ^""2 oEt^ c i (C;H^),C c i OEt 

I I 

Mg Mg 
/ N - \ 

C l 0 C(CH ) 
E t ^ ^ ^ 

I I I 
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s t r u c t u r e s w i t h mixed h a l i d e - a l k y l , halide-oxygen and alkyl-oxygen bridges 
can a l s o be drav/n. Of these s t r u c t u r e I i s the most l i k e l y as i t i s 
knov/n t h a t the tendency of c h l o r i n e atoms to a c t as bridges i s g r e a t e r 
than t h a t of a l k y l groups and i t i s almost c e r t a i n l y g r e a t e r than that 
of e t h e r molecules. 

I t i s hoped to obtain c r y s t a l s of t h i s complex f o r X-ray 

examination to s e t t l e the question of the s t r u c t u r e . 

I t has not proved p o s s i b l e to prepare the analagous dimethyl ether 

complex, ^-/hich would be a s i m p l e r X-ray problem, as c r y s t a l l i s a t i o n from 

dimethyl e t h e r y i e l d s a h a l i d e - r i c h phase Bu^Mg^Cl^.(0Me2)2> which 

probably has the s t r u c t u r e , 

Me^O C l C l 
' \ / \ / 

Mg Mg 

\ X V 
Bu C l OMe^ 

The products obtained on c r y s t a l l i s a t i o n of alkylmagnesium h a l i d e s 

from s o l u t i o n s c o n t a i n i n g donor molecules do not seem to form any 

simple p a t t e r n e.g. v a r i a t i o n v/ith donor s t r e n g t h , and i t i s probable 

t h a t the s p e c i e s obtained i s simply the l e a s t s o l u b l e of those present 

i n the complex e q u i l i b r i a which occur i n alkylmagnesium h a l i d e s o l u t i o n s . 

R e a c t i o n s v/ith weak a c i d s . 

Amines. 

N,N,N'-trimethylethylenediamine r e a c t s vrith dimethyl-, d i - i s o p r o p y l -
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and di-t-butylmagnesium to give s o l i d c r y s t a l l i n e products. The methyl-

and isopropyImagnesium compounds sublime i n vacuo and are dimeric i n 

benzene w h i l e the t-butyImagnesium compound does not sublime before 

decomposing and d i s s o c i a t e s . , somewhat from a dimer i n benzene s o l u t i o n . 

T h i s d i s s o c i a t i o n i s probably caused by the i n c r e a s e d ' s t e r i c hindrance 

of the t - b u t y l group. T h i s behaviour i s shown to an even g r e a t e r 

go 

extent by the corresponding b e r y l l i u m compounds where the methyl- and 

d i - i s o p r o p y l b e r y l l i u m compounds are diraeric while the t - b u t y l b e r y I l i u m 

complex shows no tendency to a s s o c i a t e , i s monomeric and i s formulated 
8k 

w i t h three coordinate b e r y l l i u m . The s t r u c t u r e of the dimer i s 

probably as shown i n f i g . 52. 

The p.m.r. spectrum of [2-dimethylarainoethyl(methyl)amino]methyl 

magnesium shov/s t h a t whereas the N(CE^)^ resonance of the amine moves 

to h i g h e r f i e l d compared to'-the f r e e amine by 0*5 p.p.m. the N-CH^ 

resonance moves to lower f i e l d by 0-21 p.p.m. and the Mg-CH^ (11«06T) 

i s i n f a c t lower than t h a t recorded f o r dimethylmagnesium i n d i e t h y l 

e t h e r ^ 1 1 •57-). 

The s i t u a t i o n with regard to the amine i s complicated by the f a c t 

t h a t on complex formation the s p a t i a l o r i e n t a t i o n about the nitrogen atoms 
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i s r a d i c a l l y changed from those of the f r e e amine so i t i s d i f f i c u l t 
to p r e d i c t by how much and i n v/hich d i r e c t i o n s h i f t s v / i l l occur. The 
s h i f t to h i g h e r f i e l d f o r N-CH^ groups attached to magnesium and 
p a r t i c i p a t i n g i n a r i n g s t r u c t u r e may be f a i r l y g e neral as i n the 
complexes Fr^^lig. (ne^N)^C^^^ and Bu^^Mgine^N)^C^Ej_^ the N-Me resonances 
moves from 7'83T i n the f r e e amine to S'lOr and 8.20T r e s p e c t i v e l y i n 
the complexes. There v / i l l probably be a net withdrawal of e l e c t r o n s 
from the magnesium atoms due to the p o l a r i t y of the magnesium nitrogen 
bonds, which w i l l not be compensated by the coordinate l i n k s to 
magnesium and w i l l account f o r the lower chemical s h i f t of the Mg-CH^ 
protons i n the complex. 

T h i o l s . 

The d i a l k y l s of b e r y l l i u m , z i n c and cadmium r e a c t with equimolar 

pr o p o r t i o n s of t h i o l s i n non-donor media to give compounds which have 

i n t e r e s t i n g , and i n some i n s t a n c e s unexpected, degrees of a s s o c i a t i o n . 

A l l the b e r y l l i u m compounds of the type RBeSR' so f a r i s o l a t e d have 

been t e t r a m e r s ^ ^ while Me(Et)ZnSBu^ i s a pentamer, MeZnSPr"^ i s a 

hexamer,^^^ MeCdSBu* i s a tetramer and MeCdSPr^ i s a hexamer."*^^ The 

other z i n c and cadmium compounds which are known have l e s s s t e r i c a l l y 

h i n d e r e d groups a t t a c h e d to the sulphur and a r e a l l polymeric. 

No s u c c e s s f u l p r e p a r a t i o n s of alkylmagnesium a l k y l s u l p h i d e s have 

been c a r r i e d out i n hydrocarbon r e a c t i o n media ( i n which the magnesium 

d i a l k y l s used are i n s o l u b l e ) . Such experiments r e s u l t e d i n R:Mg r a t i o s 

exceeding 1:1. 
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t - B u t y l t h i o l r e a c t s v/ith dimethylmagnesium i n d i e t h y l e t h e r to 
give a c l e a r s o l u t i o n which, on a d d i t i o n of hexane, g i v e s a white 
s o l i d c o n s i s t i n g mainly of magnesium t - b u t y l s u l p h i d e , i . e . 
d i s p r o p o r t i o n a t i o n has occurred: 

MeMgSBu^CxOEt^)^ f f f f ^ MgCSBu^)^ + Me^Mg 

A s i m i l a r r e a c t i o n takes p l a c e between dimethylmagnesium and 

i s o - p r o p y l t h i o l although a d d i t i o n of hexane does not cause such a 

complete d i s p r o p o r t i o n a t i o n s i n c e the product obtained s t i l l contains 

a s u b s t a n t i a l amount of hy d r o l y s a b l e a l k y l . 

I n the presence of te t r a h y d r o f u r a n , however, d i s p r o p o r t i o n a t i o n 

does not occur and the complexes (MeMgSBu^.C^HgO)^ and (MeMgSPr^.0.78C^HgO)^ 

are i s o l a t e d . The dimeric complex i s formulated as shora. 
But 

C, HQO^ S Me 
N i y ^ y 

Mg Mg / S V 
Me' S OC.Ho 

t ^ ^ Bu^ 

I t i s probable t h a t i n e t h e r e a l s o l u t i o n the methylmagnesium 

t - b u t y l sulphide w i l l be complexed with the d i e t h y l ether forming a 

compound of the type shown above. 

I n order to formulate a d i s p r o p o r t i o n a t i o n mechanism i t would seem 

t h a t two c o n d i t i o n s are necessary, (a) t h a t the formation of methyl 

b r i d g e s between two magnesium atoms i s p o s s i b l e i n the presence of the 

donor s o l v e n t ( t h a t t h i s i s the case i s shown by the f a c t t h a t dimethyl-



D l s p r o p o r t i o n a t l o n Scheme f o r Meth.ylma^^nesium 
Alk.ylsulphides. 
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magnesium c r y s t a l l i s e s from e t h e r s o l u t i o n a t room temperature i n a 
s o l v e n t - f r e e s t a t e ) and (b) t h a t the second lone p a i r on the sulphur 
atom i s of comparable donor s t r e n g t h to the s o l v e n t . I f t h i s occurs 

then the follov/ing d i s p r o p o r t i o n a t i o n mechanism can be formulated (fig.33) 

3 1 
1. The second lone p a i r on S-̂  d i s p l a c e s an et h e r molecule from Mg". 
2. An e t h e r molecule breaks the bond between S-̂  and Mg^, 

1 k 5. The methyl group on Mg t r a n s f e r s to Mg (probably v i a an e l e c t r o n 

d e f i c i e n t bridge) d i s p l a c i n g one of the e t h e r s on Mg^ and being 

r e p l a c e d by another e t h e r on Mg . 

k 1 k. The second lone p a i r on S d i s p l a c e s the ether on Mg . 

k k 

5b An e t h e r molecule breaks the bond between S and Mg r e l e a s i n g 

dimethylmagnesium and l e a v i n g the beginning of the Mg(SBu*)2 polymer. 

T h i s polymer v / i l l grov; by a s i m i l a r mechanism u n t i l i t becomes 

i n s o l u b l e asid i s p r e c i p i t a t e d . The hydrolysable methyl content of the 

polymer w i l l depend upon the len g t h of the polymer chain. 

That an et h e r s o l u t i o n of HeMgSPr"^ does not co n t a i n simply dimer 

molecules (MeMgSPr'''.0Et2)2 i s shown by the f a c t t h a t the methyl-magnesium 

resonance i n e t h e r s o l u t i o n i s foimd a t l l - j A - r , much nearer the p o s i t i o n 

of the methyl resonance i n e t h e r e a l dimethylraagnesium, than t h a t of a 

knovm dimeric methyl-magnesium a l k y l s u l p h i d e , MeMgSBu^.THF, i C y i r and 

MeMgSPr^.THF, 1 0 . 7 i r . 

A d d i t i o n of te t r a l i y d r o f u r a n w i l l make both c o n d i t i o n s (a) and (b) 

i n v a l i d and d i s p r o p o r t i o n a t i o n v / i l l not occur, as i s observed. 
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R e a c t i o n betv/een diethylmagnesium and t - b u t y l t h i o l i s not 
accompanied by d i s p r o p o r t i o n a t i o n but a s t o i c h i o m e t r i c d i e t h y l ether 
complex i s not i s o l a t e d some et h e r being l o s t i n vacuo. The second 
lone p a i r on the sulphur atoms must be of a s i m i l a r donor c h a r a c t e r to 
t h a t i n the corresponding methyl compounds, and thus i t would seem th a t 
d i s p r o p o r t i o n a t i o n i s i n h i b i t e d because of the i n a b i l i t y of e t h y l bridges 
to compete wi t h the donor p r o p e r t i e s of the s o l v e n t . The complex 
i s o l a t e d probably c o n t a i n s some degree of c r o s s - l i n k i n g v i a the tv/o 
lone p a i r s on the sulphur atom. Addition of tetrahydrofuran again 
produces a c r y s t a l l i n e dimeric ( i n benzene) complex whose s t r u c t u r e 
i s probably s i m i l a r to t h a t of the analagous methyl compound. 

Di-t-butylmagnesium and t - b u t y l t h i o l r e a c t e l i m i n a t i n g butane v/ith 

e x t e n s i v e d i s p r o p o r t i o n a t i o n . As the r e a c t i o n between d i - t - b u t y l 

magnesium and i s o p r o p y l t h i o l g i v e s a c r y s t a l l i n e d i e t h y l etherate 

which shows no tendency to d i s p r o p o r t i o n a t e and i s diraeric i n benzene, 

i t i s p o s s i b l e t h a t s t e r i c f a c t o r s may p l a y some p a r t i n causing the 

d i s p r o p o r t i o n a t i o n of the more s t e r i c a l l y hindered t - b u t y l s u l p h i d e . 

I t i s somev/hat s u r p r i s i n g however t h a t there i s such a s t r i k i n g 

d i f f e r e n c e i n behaviour between the t - b u t y l s u l p h i d e and the i s o p r o p y l -

s u l p h i d e e s p e c i a l l y i n view of the f a c t t h a t attempts to make a model 

of t-butylmagnesium t - b u t y l s u l p h i d e d i e t h y l e t h e r a t e showed no s e r i o u s 

e f f e c t from s t e r i c hindrance. The mechanism of the d i s p r o p o r t i o n a t i o n 

i s u n l i k e l y to be c l o s e l y s i m i l a r to t h a t considered f o r methyImagnesium 
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t - b u t y l s u l p h i d e . Condition ( b ) , concerning the donor p r o p e r t i e s of 

the second lone p a i r on the sulphur atom, should s t i l l be true but the 

l i l c e l i h o o d of t - b u t y l bridges competing with the donor s o l v e n t i s 

r e l a t i v e l y low. The f a c t o r s c a u s i n g d i s p r o p o r t i o n a t i o n i n t h i s case 

are thus somewhat obscure. 

Magnesium t - b u t y l s u l p h i d e i s formed d i r e c t l y on r e a c t i o n of 

diethylraagnesium with two molar proportions of t - b u t y l t h i o l . 

E l i m i n a t i o n of both h y d r o l y s a b l e e t h y l groups seems to take place a t 

about -60°. The magnesium t - b u t y l s u l p h i d e i s undoubtedly polymeric and 

probably has the l i n e a r s t r u c t u r e shovm ( f i g . 34) 

Bu^ Bu^ Bu'^ Bu* 

S S S S ' 

Bu' Bu' Bu' Bu' 

I t i s p o s s i b l e t h a t the magnesium atoms i n magnesium t - b u t y l s u l p h i d e 

have a c o o r d i n a t i o n number g r e a t e r than four. T h i s can be achieved by 

c r o s s - l i n k i n g of the l i n e a r polymer chains ( f i g . 35) u s i n g the second 

lone p a i r on the sulphur atoms. ' 

SBu^ t t 
SBu^ X4 ^ 

Mg 

SBu' 
1 
SBu' 

r/ig Mg m m 

SBuM , SBu^ , SBu^ t ^P^ L t -"-^ ' SBu^ I SBu^ I SBu^ 

IVIg 
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I f cross-linking i s complete as shown i n fig.35 then the 
coordination number of the magnesium i s 6 and an i n f i n i t e 3 dimensional 
polymer i s produced. 

This structure could account fo r the s t a b i l i t y , towards donors, 

of magnesium t-butylsulphide which i s insoluble both i n tetrahydrofuran 

and i n pyridine although with pyridine the precipitate does become 

a pale yellow colour, which may be indicative of coordinated pyridine. 

This colour disappears on drying i n vacuo. I t i s possible that the 

pyridine may become coordinated by breaking the cross-linlcLng of the 

polymer v/ithout rupturing the linear polymeric chain. In which case 

the coordination number of the magnesium w i l l again be greater than four» 

i n the pyridine adduct. Pyridine coordinated i n this fashion w i l l be 

wealcly held and could easily be removed i n vacuo. 

Magnesium t-butylsulphide i s obviously a more stable polymer towards 

donor molecules than beryllium t-butylsulphide v/hich readily forms a 

bis-pyridine adduct which i s only s l i g h t l y dissociated i n ether solution. 

Dimethyl- and di-t-butylmagnesium both react with 2-diraethylamino-

ethane t h i o l i n diethyl ether to form complexes which contain no 

coordinated d i e t h y l ether. The methyl-magnesium complex i s tetrameric 

i n benzene solution while the t-butylmagnesium complex i s dimeric. Two 

structures are possible for (MeMgSC2H^NMe2)^ involving either a cubane 

structure, sim.ilar to that postulated for the alkylmagnesium alkoxides,^ 

or an open r i n g structure of a similar type to that suggested fo r the 



trimeric MeZnOC2H^NMe2. 
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The cubane structure involves postulating the use of the second 

lone pair on the sulphur atoms as a donor even i n the presence of free 

dimethylamino groups. The v/ork with alkylmagnesium alkylsulphides has 

shovm that i n preference to associating by use of the second lone pair 

the molecules become coordinatively saturated by coordination v/ith a 

donor solvent molecule. The, r i n g structure does not make use of the 

second lone pair on the sulphur atoms and allows the dimethylamino 

groups to be coordinated. Against th i s formulation the p.m.r. spectrum 

shows that the NMe2 occurs at 7'82T which i s almost the 

same as the position of the Mfe^ resonance i n pure 2-dimethylaminoethane 

t h i o l . I n a l l other compounds containing coordinated NWe2 '̂̂ ^ 

Nr'Ie2 resonance moves to higher f i e l d on coordination vi z . from 7*8ifr to 
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8.14T i n {CE^llgl^ine)C^E^ime^)^, from 7-83r to S-IOr i n Pr^^UgAMe^)^C^E^^ 
and from 7«83T to 8«20r i n BXL^^Ig. i^le^)^C^j^. The p.ra.r. evidence 
indicates, therefore, that the cubane structure i s the most l i k e l y , 
although t h i s i s somewhat of an aziomaly i n view of the other evidence. 
I f the open ring structure i s the correct one i t i s not immediately 
apparent v/hy a tetramer i s the preferred degree of association. An 
alternative based on the cubane structure i s shovm i n f i g . 36. 

/ 1 p i ^ - ^ \ 

I n t h i s structure the dimethylamino groups are attached to the 

magnesium by a simple electrostatic a t t r a c t i o n . This method of bonding 

w i l l not greatly change the electron density at the dimethylamino-

group and the p.m.r. signal of the group v / i l l be similar to that of the 

free amine. The coordination number of the magnesium becomes 5. 

The t-butylmagnesium complex (Bu^MgSCH2CH2Me2)2 i s diraeric i n 

benzene and i s formulated as shown i n fig.37 with coordinated Me^ 

groups. 
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M^2 . t 
HoG — N B u X 

Meg 

This i s supported by the fact that the NMê  resonance i n the p.ra.r. 

spectrum i s found at 8'12r v/hich i s similar to a l l the other complexes 

containing coordinated M-lê  groups. 

Summary. 

The work described i n the f i r s t pairt of th i s discussion again shows 

the tendency of organoraagnesium compoxinds to u t i l i s e a l l the available 

low energy o r b i t a l s of the magnesium atom causing i t to become four 

coordinate. Only a few alkylmagnesiura amino complexes are thought to 

contain three coordinate magnesium, which has not been found i n any 

other complexes. Even the complexes of the extremely s t e r i c a l l y 

hindered di-t-butylmagnesium, so f a r prepared, contain four coordinate 

magnesium. This s i t u a t i o n contrasts strongly with the other members of 

Group I I where the existence of three coordinate species seems much more 

common. 

The differences i n behaviour between beryllium and magnesium seems 

to be e n t i r e l y a ttributable to ste r i c factors, the small size of the 
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beryllium atom i n many cases preventing the formation of a four 

coordinate species. The differences i n behaviour between magnesium 

and the elements of group IIB zinc, camium and mercury probably depends 

on several factors. The increased electronegativity of the atoms of 
10 

Zn, Cd and Hg, v;hich possess f i l l e d , d , electron shells, causes 

t h e i r acceptor properties to be much reduced while the increasing 

energy separation between the s and p orbitals of the valence shell 

v/ith increasing atomic number makes the formation of compounds i n which 

the o r b i t a l s used by the metal atoms have a large degree of s character 

much more l i k e l y . This w i l l tend to reduce the coordination number 

of the metal. 

Thus i t seems that the tendency to form compounds containing four 

coordinate metal atoms i s at i t s greatest i n group I I at magnesium. 

The magnesium atom i s large enough to prevent steric factors playing 

a large part, except i n the most extreme cases, while the electronegativity 

of magnesium indicates that i t s acceptor properties ar-e probably greater 

than those of Be, Zn, Cd or Hg. The energy separation betv/een the 3s and 

5p o r b i t a l s of magnesium i s small enough to allow the easy formation 

of sp-̂  hybrids and hence of four coordinate magnesium. 

There seems to be l i t t l e tendency fo r magnesium to increase i t s 

coordination number above four i n compounds which possess magnesium-

carbon bonds. In only one case, [MeMgSĈ Ĥ NCCĤ )̂ ]̂ ,̂ was any 

p o s s i b i l i t y of the magnesium becoming more than four coordinate envisaged. 
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The dominant feature of the degrees of association of the complexes 
produced by reacting magnesium dia l k y l s with weak acids i s the 
preponderance of dimeric and tetraraeric species. The tetramers are 
invariably formed by the superimposition of two dimers. 

\ 
MS 

•Mg^ M g . ^ -t> I I • I 
Y ' / ' 

ug. 

The tendency to form tetraraers w i l l depend on the a v a i l a b i l i t y of 

lone pair on X. In the allcoxides the u t i l i s a t i o n of the second lone 

pair on the oxygen allov/s the easy formation of tetramers. In the 

case of the sulphides, however, the donor properties of the second 

lone pair on the sulphur are much reduced and cannot ef f e c t i v e l y 

compete with the lone pair i n , say, tetrahydrofuran. Thus dimers are 

the predominant species i n the alkylraagnesium sulphides with the magnesium 

atom achieving coordinative saturation by incorporating a donor solvent 

molecule i n the complex. 

The large numbers of dimers and tetramers laiown (only two trimers 

Bu^MgOPr^ and EtMgOEt i n ether are known) attests to the s t a b i l i t y of the 

four membered ri n g containing two magnesium atoms and two more 

electronegative atoms. In a r i n g of t h i s type steric hindrance v ; i l l be 

at a minimum while the angular s t r a i n w i l l be greatest. The l a t t e r must 

obviously be of least importance. 
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Hydride chemistry. 

Of the main group elements beryllium'^'^-^'''^^ and zinc alkyls^*^^ i n 

Group I I and boron^^^'^"^*^ and aluminium alkyls^'''^ i n Group I I I are 

known to react with a l k a l i metal hydrides to form addition compounds 

of the type M'R^H (where M = a l k a l i metal, M' = B,Be,Al, n = 2(Be) 

or 3(B,A1) and E i s an a l k y l group). In the case of zinc only 

one compovmd of t h i s type NaH.2Et2Zn has been described and this i s 
204 

stable only i n a glycol ether solution. 

I t was hoped that i t would be possible to extend this reaction to 

the magnesium alkyls. V/ith sodium hydride and diethylmagnesium 

addition of the sodium hydride does not occur i n any of the solvents 

used ( d i e t h y l ether, tetraliydrofuran and 1,2-dimethoxyethane) even 

over prolonged periods of refluxing. With tetrahydrofuran and 

1,2-diraethoxyethane there i s an almost t o t a l loss of hydrolysable 

ethyl from the solution but no hydrolysable ethyl appears i n the s o l i d 

matter present indicating some type of reaction with the solvent. A 

control experiment i n which diethylmagnesium refluxed f o r a com.parable 

period of time i n 1,2-dimethoxyethane gave no indication of any reaction 

with the solvent. I t i s possible, therefore, that the presence of 

sodium hydride i s necessary f o r the loss of the hydrolysable ethyl 

content, either i t s e l f reacting v/ith the solvent to form a compound 

which then reacts with the dialkylmagnesium or by forming a complex 

sodium alkylmagnesium hydride which cleaves the solvent. The 
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nucleophilic character of ethyl bound to magnesium i n such a complex 
would be expected to exceed that of ethyl i n diethylmagnesium. 

No reaction i s detected between either l i t h i u m hydride or potassium 

hydride i n d i e t h y l ether although a small loss of hydrolysable ethyl 

does occur. I t may be that any sodium alkylmagnesium hydride formed 

i s completely insoluble i n the solvents used and forms a protective coating 

on the a l k a l i metal hydride preventing further reaction. 

An attempt was made to prepare l i t h i u m dimethylraagnesium hydride 

by the pyrolysis of l i t h i u m dimethyl(n-butyl)raagnesiijim. The l a t t e r i s 

prepared simply by the addition of n-butyl l i t l i i u m to a diethyl ether 

solution of dimethylmagnesium, followed by removal of the solvent. 

This leaves a viscous l i q u i d which has the empirical formula 

Li[Mg(CH^)2(C^H^)^].0Et2. I t i s d i f f i c u l t to p u r i f y t h i s complex. 

That the l i q u i d i s a complex and not simply a mixture of n-butyl 

l i t h i u m and dimethylmagnesium i s shorn by the much enhanced s o l u b i l i t y 

of the dimethylmagnesium i n the diethyl ether (a 0-8M solution of 

diraethylmagnesium alone i n ether i s saturated) and by the Metal-CH^ 

resonance of the n-butyl i n the p.m.r. spectrum v/hich i s centred at 

10«24T i . e . i t i s probably attached to the magnesium ( r v a l u e of Mg-CĤ  

i n an ethereal solution of diethylmagnesiiim, 10.55) rather than the 
212 

l i t h i u m atom ( t value f o r Li-CH^ i n (n-BuLi)20Et2, 10'98 ). The 

O-CĤ  resonance i s centred at 6'6T which i s similar to the O-CĤ  
res onance i n free diethyl ether, indicating that there i s l i t t l e change 



- 167 -

change i n the electron density at the CĤ  group of the ether on 
complex formation. Pyrolysis of the complex i n vacuo i s slow at 
130° but the ether i s completely removed. At 170° pyrolysis i s 
complete i n I6 hours (pyrolysis of n-butyl-lithium i s complete after 
a few hours at 80°). Extraction of the pyrolysis product v/ith 
d i e t h y l ether gives a solution of dimethylmagnesium ajid leaves lithium 
hydride. 

[LiMgMe2(C^H^)-] Mê Mg LiH + Ĉ Hg 

The lithium' dimethyl(n-butyl)magnesium complex may f a l l apart on 

removal of the ether although the pyrolysis temperature indicates that 

the n-butyl group i s s t i l l attached to the magnesium at t h i s stage. 

Thus either pyrolysis gives l i t h i u m hydride and dimethyImagnesiiun 

d i r e c t l y or the ether solvent breaks up the l i t h i u m dimethylmagnesium hydride 

complex. The f i r s t alternative seems more l i k e l y as the infrared 

spectrum of the pyrolysis product contains no absorptions attributable 

to any Mg-H vibration and i s i n fact a simple superimposition of the 

spectra of dimethylmagnesium amd l i t h i u m hydride. 

Reactions between a l k a l i metal hydrides and ethylmagnesium bromide. 

The use of a l k a l i metal hydrides i n carrying out hydride/halogen 

exchange i s nov/ well established. Thus sodium hydride reacts with an 

equimolar mixture of diethylberyIlium and beryllium chloride i n diethyl 
196 

ether, giving a solution of ethylberyllium hydride, l i t h i u m hydride 

reacts with aluminium chloride giving l i t h i u m aluminium hydride and i n 
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Group IV sodium hydride reduces s i l i c o n tetrachloride to silane i n 95?̂  
213 

y i e l d using a zinc compound as catalyst. 

I t was, therefore, expected that halide/hydride exchange .of a 

similar type would occur between a l k a l i metal hydrides and ethyImagneslum 

bromide. 

Lithium hydride either i n large or small excess does not react 

vath et h y l magnesium bromide on refluxing f o r twenty hours or even 

on removal of the solvent and heating to 90°. 

Potassium hydride reduces the magnesium content of an ethyl-

magnesium bromide solution to approximately half i t s o r i g i n a l vailue 

a f t e r r e f l u x i n g f o r three days, while the hydrolysable ethyl content 

remains constant and eventually becomes twice the magnesium content. 

The follo\ring reaction must take place 
2EtMgBr + 2KK » MgĤ J + Et^Mg. + 2NaBr 

The reaction may well go via ethylmagnesium hydride although no 

evidence was obtained f o r the existence of th i s species. 

EtMgBr + NaH ? EtMgH + NaBr 

2EtMgH ) Et^Mg + MgĤ  

I n 1,2-dimethoxyethane addition of the ethylmagnesium bromide to the 

solvent caused an immediate loss of about 20% of the magnesium content 

and the formation of a white precipitate and refluxing overnight caused 

a l l of the hydrolysable ethyl content and 95?^ of the magnesium content 
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to be l o s t from the solution. 

Addition of 1,2-dimethoxyethane to ethylmagnesiura bromide, i n fact 

precipitates MgBr^iC^^^O^)^ and leaves diethylmagnesium solution. 

CH OCH CH OCH 
2EtMgBr ^ ^ MgBr2.(C^H^Q02)2 + MgEt^ 

Refluxing overnight i n the presence of sodium hydride presiimably 

causes reaction with the solvent as previously described. 

Reactions betv/een organomagneslum compounds and sodium trialkylboron hydrides. 

Sodium trimethylboron hydride. 
2'\L^ 210 

Sodium t r i a l k y l ( a r y l ) b o r o n hydrides have been known for some time, ' 

but except i n the case of the phenyl complex, NaBPh^H, have never been 

isolated i n a pure state. 

Sodium hydride reacts d i r e c t l y with trimethylboron i n an ether solvent 

and the complex produced can be recrystallised, a f t e r removal of the 

ether, from hexane as solvent-free NaBMê H. 

The complex i s tetrameric i n benzene and the degree of association i n 

the s o l i d phase could also be four as determined by a preliminary X-ray 

d i f f r a c t i o n study. The crystals are monoclinic, a = 10-19, b = 10*92, 

c = 13«20A, :p = 9 8 ° 5 ' and the space group i s either p2^ or p2^/m with 

8 monomer units i n the u n i t c e l l . 
The infrared spectrum of the complex as a nujol mull has absorptions 

1 -1 
at 1905 and I876 cm~ and as a cyclohexane solution at I968 and I876 cm. 
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This would suggest a dimer structure 

H 2-

BMe. 

H 

for the anion which could presumably associate to form a tetramer as shown 

The position of the sodium atoms i s unknown, but the above structure 

implies a f a i r l y ionic compound which i s not i n accordance with the 

known properties of the complex e.g. s o l u b i l i t y i n hydrocarbons, low 

melting point. 

A structure can be dravm i n v/hich the sodium atoms are involved i n 

the bonding scheme. Thus the dimeric species, 

Na 

B"He. Mê B 

N̂a 

can be formulated using the o r b i t a l s 

B''(SP^) + H''(1S) + 2Na(3s) + H^ds) + B^(sp^) 

H'(1S) + 2Na(3p) H^ds) B2(SP^) 
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each containing tv;o electrons. 

The tetramer can thus be drawn 

Me.gB, 

Na-
, I 

I 
I 

1 

^BMe. 

Tlie properties of thi s compound are more l i k e l y to be those of a 

ty p i c a l covalent complex than those expected from the other formulation. 

The n.m.r. spectra of the complex were recorded i n benzene solution. 

11 

The B spectrum consists of a broad singlet 23^ c.p.s. upfield from 

a trimethylborate external reference. The high quadrupole moment of 

23 

Na probably prevents the formation of the expected doublet by 

eliminating coupling between the boron and hydrogen. A rapid exchajige 

of the methyl-boron protons with a small amount of free trimethyl 

boron would also eliminate the B-H coupling. NaBMê H. BMe- NaBMê H BM6. 

11, This has been observed for sodium triethylboron' hydride where the B 

spectrum was i n i t i a l l y a singlet which became a doublet with the same 
216 

chemical s h i f t on standing over sodium hydj-ide f o r several months. 
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The p.m.r. spectrum of the complex contains a single resonance 

at 10*30•'• which i s assigned to the B-CĤ  group. No coupling i s 

observed betv/een the boron and methyl groups. There i s no tetrahedral 

symmetry about the boron i n the BMê H so a large effective f i e l d gradient 

i s experienced by the central atom and the quadrupole relaxation 

time of the nuclear spin i s large. Thus scalar coupling between 

the boron and methyl protons i s eliminated. 

Reactions between sodium trialkylboron hydrides and magnesium dialkyls. 

Diethylmagnesium and sodium triethylboron hydride react at 0°C 

p r e c i p i t a t i n g a s o l i d which has the empirical formula Mg^H^^^^Et^^^^ 

while the soluble material contains only a small amount of hydrolysable 

hydrogen. The analysis figures are inconclusive i n that the 

l i b e r a t i o n of ethane on hydrolysis of a sample of the solution i s 

slow even on addition of acid and does not seem to be complete even 

af t e r an hour. This i s consistent with the production of sodium 
210 

tetraethylboron v/hich i s only slowly hydrolysed even by dilu t e acids. 

At lov/ temperatures and i n the presence of the chelating diamine 

N,N,N',N'-tetramethylethylenediamine no precipitation occurs. The 

solutions i n the absence of the amine have a hydjrolysable hydrogen: 

hydrolysable ethyl (H^O) r a t i o of 1:1. Addition of acid slowly 

releases more ethane. 

These results indicate that sodium tetraethylboron i s present 
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even at low temperatures. The results are inconclusive i n that the 
exchange reaction may take place during transfer of the sample for 
analysis as i t i s not possible to ensure that a low temperature i s 
maintained during the sampling process. The overall reaction at 
room temperature i s , however, almost certainly 

2Et2Mg + 2NaBEt^H > MgH^j + Et^Mg + NaBEt^ 

The precipitated material contains a considerable amount of 

ethyl groups attached to the magnesium. The evidence f o r an 

intermediate ethylmagnesium hydride, EtMgH, i s based on the fact that 

no p r e c i p i t a t i o n occurs at low temperatures as the analytical data 

show, with the reservations made above, that exchange i s complete at 

-78°, 

NaBEt^H + Et^Mg > NaBEt^ + 'EtMgH'. 

Sodium triraethylboron hydride and dimethylmagnesium react just 

below room temperature p r e c i p i t a t i n g a white s o l i d , with the 

empirical form.ula MgĤ ^̂ MoQ̂ ,̂ and leaving dimethylmagnesium and 

sodium tetramethylboron only i n solution. The two l a t t e r compounds 

were i d e n t i f i e d by the i r p.m.r. spectra. 

The reaction was followed by n.m.r. at variable temperatures by 

comparing the in t e n s i t y r a t i o s of the B-.GĤ  and Mg-CĤ  peaks. At 

-78° the spectrum consists of two single peaks assigned to the B-GĤ  

and Mg-CĤ  resonances. I t i s not possible to assign the B-CĤ  peak 



- Vk -

to a single species i . e . either NaBMê H- or NaBMê ^ as i t has recently 

been shown that the spectrum of NaBMê , v/hich i s a complex peak at 

room temperature, collapses to a singlet at low temperatures (-50°). 

The r a t i o of B-CĤ  to MgCĤ  resonances should be 1«5:1 i n the absence 

of exchange and k:^ i f t o t a l exchange has taken place. 

At -78° the B-CĤ :Mg-CĤ  r a t i o i s 2:1 and remains at thi s value 

u n t i l the temperature rises to -10° when the value becomes 3*1^'1 

(from 2«33:1 at -20°). At 0° the r a t i o i s 5:1. Precipitation 

begins to occur at -20° and i s s i g n i f i c a n t above this temperature. 

The results show that as soon as exchange occurs a precipitate 

i s formed and provides no evidence f o r the formation of an intermediate 

ethylmagnesium hydride stable at low temperatures. I f t h i s species 

does exi s t then i t s l i f e t i m e , v/ith respect to disproportionation i n t o 

dimethylmagnesiura and magnesium hydride, must be short. 

Addition of N,N,N',N'-tetramethylethylene.diamine to a 1:1 

mixture of sodium trimethylboron hydride and dimethylmagnesium prevents 

the formation of magnesium hydride. In t h i s case, however, the 

coordination complex of dimethylmagnesium v/ith N,N,N',N'-tetramethyl-

ethylenediamine i s isolated. Thus the amine must completely i n h i b i t 

the alkyl/hydrido exchange i n the system. 

Reaction between sodium triakylboron hydrides and alkylmagnesium halides. 

Sodium chloride i s immediately precipitated on adding sodium 

triethylboron hydride to ethylmagnesium chloride i n 1:1 proportions. 
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Analysis of a sample of the f i l t e r e d s o l u t i o n shows t h a t the r a t i o , 

hydrolysable e t h y l (H^O):hydrolysable hydrogen i s 0.85:1. A d d i t i o n 

of a c i d releases more ethane b r i n g i n g the hydrolysable e t h y l ( t o t a l ) : 

hydrolysable hydrogen up t o 1:0.98. The p.m.r. spectrum of the 

s o l u t i o n contains only two sets of resonances centred a t 9.19 and 

9 * 6 0Tassigned t o the B-CH^-CH^ and B-CH^ groups r e s p e c t i v e l y . No 

pealc due t o the Mg-CH^ resonance (expected above lO-O ) i s present. 

The i n i t i a l r e a c t i o n must be 

NaBEt^H + EtMgCl > NaCl + EtMgBEt^H 

The nature of the magnesium cont a i n i n g species i n s o l u t i o n i s 

open t o s p e c u l a t i o n . The p r o p e r t i e s on h y d r o l y s i s , slow e v o l u t i o n 

of the hydrolysable e t h y l and the p.m.r. spectrum which contains no 

r e a d i l y i d e n t i f i a b l e Mg-CH^ resonance i n d i c a t e the p o s s i b i l i t y of the 

e q u i l i b r i u m , 

EtMgBEt^H ; ^ fflgBEt^ 

w i t h the e q u i l i b r i u m w e l l over t o the r i g h t . 

The BEt^ group would only release a l l the hydrolysable e t h y l on 

a d d i t i o n o f a c i d and the HMgBEt^^ species would show no Mg-CH^ 

resonance. The i n f r a r e d spectrum of the l i q u i d , ether-containing 

product, obtained on removal of most of the solvent contains an 

absorption a t 188? cm which i s s i m i l a r t o t h a t i n sodium t r i e t h y l b o r o n 

h y dride. As the p o s i t i o n of the Mg-H absorption i s unknown i t i s not 
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possible t o draw any c e r t a i n conclusions about the species present, 
from t h i s evidence. 

When a sample, obtained from the s o l u t i o n , i s maintained a t 

0«005 mra/Hg f o r 20 hours the hydrolysable e t h y l (acid):magnesium: 

hydrolysable hydrogen r a t i o remains a t 1:1:1 but about 23% of the 

boron i s removed, presumably as t r i e t h y l b o r o n . A d d i t i o n of 

trimethylaraine and heating to 110° leaves a white s o l i d which on 

e x t r a c t i o n w i t h benzene gives a s o l u t i o n v/ith a hydrolysable e t h y l : 

magnesium r a t i o of 2:1. The s o l u t i o n contains both boron and d i e t h y l 

ether. 

The r e a c t i o n between sodium trimethylboron hydride and methyl-

magnesium bromide was i n v e s t i g a t e d i n the hope t h a t trimethylboron 

\<?ould be easier t o remove than the t r i e t h y l b o r o n i n the experiment 

j u s t discussed. 

A d d i t i o n of the two reactants immediately produces a p r e c i p i t a t e 

of sodium bromide and the f i l t e r e d s o l u t i o n has a hydrblysable methyl 

(acid):magnesium:hydrolysable hydrogen r a t i o v/hich i s e f f e c t i v e l y 1:1:1. 

Once again the presence of ac i d i s necessary t o release a l l the 

hydrolysable methyl. 

A d d i t i o n of trimethylamine t o the s o l u t i o n gives a grey p r e c i p i t a t e 

v/hich has the e m p i r i c a l formula MgH^^^gHeQ^25 leaves dimethyl-

magnesium i n s o l u t i o n . The s o l i d obtained on removal of the solvent 

contains some boron but t h i s i s e a s i l y removed i n vacuo le a v i n g 
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dime thyImagne slum. 

Trimethylamine forms a weak coo r d i n a t i o n complex with boron a l k y l s 

and f a c i l i t a t e s removal of the boron from the s o l u t i o n 

•HeMgBMe^H' + M4e^ ) 'HeMgH' + BHe^.Me^ 

I f methylmagnesium hydride i s produced i t undergoes immediate 

d i s p r o p o r t i o n a t i o n t o magnesium hydride and dimethyImagnesium. 

P y r o l y s i s of isopropylmagnesium compounds. 

P y r o l y s i s of branched chain magnesium a l k y l s and of d i e t h y 1 -

magnesium i s a v/ell known route t o magnesium hydride. I t was hoped 

t h a t i t v/ould be possible t o stop the p y r o l y s i s a t the h a l f v/ay p o i n t 

l e a v i n g an alkylmagnesium hydride. 

The presence of any organic m a t e r i a l , other than a l k y l groups 

attached t o magnesium, r a i s e s the temperature required f o r p y r o l y s i s 

and r e s u l t s i n the formation of large amounts of the saturated alkane. 

Thus the p y r o l y s i s of di-isopropylraagnesium containing some ether 

produces a gas co n t a i n i n g lS% propane and r e s u l t s i n the sublimation 

of a white s o l i d which i s probably an ether cleavage product c f . 

ethylmagnesium ethoxide v/hich i s produced on the p y r o l y s i s of d i e t h y l -

^ magnesium co n t a i n i n g some ether. P y r o l y s i s of [ 2-dimethylaminoethyl-

(methyl)amino]isopropylmagnesium a t 130° gave no propene, only propane 

being produced. 

P y r o l y s i s of e t h e r - f r e e di-isopropyImagnesium produces a gas 
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c o n t a i n i n g 9 3 * p r o p e n e , 5*2?o propane and a l i t t l e ethane and leaves 
a s t i c k y s o l i d . E x t r a c t i o n of t h i s s o l i d \d.th ether gives a s o l u t i o n 
c o n t a i n i n g di-isopropylraagnesium and leaves magnesiiim hydride as the 
i n s o l u b l e m a t e r i a l . 

Summary. 

The experiments discussed show t h a t magnesium d i a l k y l s show no 

tendency t o form complexes w i t h aJlkali metal hydrides and t h a t systems 

i n which the formation of an alkylmagnesium hydride i s possible r e s u l t 

only i n the disproporti©nation products, magnesium hydride and 

magnesium d i a l k y l s . The tendency f o r complex e q u i l i b r i a t o e x i s t i n 

some org3-ncmagnesium compomidsof the type MgX i s v/ell knovm (ivitness 

t h ^ Grignard controversy). Thus i f an alkylmagnesium hydride i s 

formed i n s o l u t i o n and the e q u i l i b r i u m betv/een the various possible 

species e.g., 

2RMgH •MgH2'(sol) + MgR^ 

i s l i a b l e , then the complete i n s o l u b i l i t y of magnesium hydride i n ether 

w i l l r e s u l t i n the e q u i l i b r i u m being forced completely over t o the r i g h t . 

This s i t u a t i o n could be t a k i n g place i n the fo l l o v / i n g systems, 

a) KH + EtMgBr i n Et^O, b) NaBR^H + E^^g i n Et^O, c) RMgX + NaBR^H + 

IWe^ i n Et^O and d) on e x t r a c t i o n of the p y r o l y s i s product of Pr'̂ '̂ Mg 

w i t h ether. 
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TABLE 1. 

Degree of Association of Grignard reagents (MgX) i n s o l u t i o n . 

R 

Me 

Me . . 
Et 
Et 
Et 
Et 
Et 
Et 
Et 
Et 
Et 
Et 
P r i 
Ppi 

Cyclohexyl 
Ph 
Ph 
Ph 
Ph 

p - t o l y l 
M e s i t y l 
M e s i t y l 

Bu^ 
But 

X Cone, moles/l ^Assocn""^ Solvent Reference 

I 0-037 1*09 Ether k9 

I 0'2k3 1'59 Ether k9 

01 0-086 1-87 Ether k9 

CI 0-196 1-92 Ether h9 

CI 2-5 2-7 Ether 87 * 

Br 10-2-10-3 1-01 Ether kO 

Br 0-035 1*00 Ether k9 

Br 0-2if9 1*37 Ether if 9 

Br 2-2 2-7 Ether 87 * 

I 0-035 1*00 Ether k9 

I O'ZOk 1-36 Ether k9 

1 2-5 2-5 Ether 87 * 

CI 0.0if2 1-85 Ether 49 

CI 0-260 2-02 Ether k9 

Br 0-32if 2-05 Ether k8 

Br 0-0if2 1-07 Ether k9 

Br 0-326 1-71 Ether k9 

Br 0-331 1-67 Etlier 48 

Br 1-1 3*2 Ether 87 * 

Br 0-566 1-65 Ether k8 

Br 0-059 1*06 Ether k9 

Br 0-275 1*77 Ether k9 

CI 0-1 1-9 Ether 87 * 

CI 2-0 2-1 Ether 87 * 
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TABLE 1. (contd.) 

H X Cone, moles/1 ^^^^^^ °^ — — Assocn. Solvent Reference 

Et CI 0.1-0.3 1.01 THE k^ 

Et Br 10-2-10-3 1.01 THE kk 

Et Br 0.1-0.3 I.Oif THE k1 

Et Br 0.7 1'05 THE 87 * 

Numerical values taken from graph. 
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TABLE 2. 

Compounds produced from r e a c t i o n R2Be + R'2NH. 

Compound State 
( a t R.T.) Solvent Cone. Degree of 

Association 

MeBeNl'Ie^ Glass Benzene 0.37,0-75 3 

148 
EtBeNMe^ L i q u i d Benzene 0.37,0.75 3 

Pr^BeNMe^ L i q u i d Benzene 0.76,1.07 3 

PhBeNI-le^ S o l i d Benzene 0.74,1-49 3 

148 
MeBeNEt^ L i q u i d Benzene 0.51,1.02 3 

148 
EtBeNEt^ L i q u i d Benzene 0.49,0.98 2 

148 
MeBeNPh^ S o l i d Benzene 1-37,2-06, 

4.12 
2 

148 
EtBeNPh^ S o l i d Benzene 0.76,1-53 2 

PhBeNPh^ S o l i d Benzene 0.85,1-69 2 

MeBeNPr^2 L i q u i d Benzene 0.97,1.08 2 

MeBeNPhBz '̂ ^̂  L i q u i d Benzene 0.99,1.48 2 

Bu*BeN(Me)(CH2)2NMe2 L i q u i d Benzene 0.97,1-29 
1-93 

1 

PhBeN(Me)(CH ) NMe„ S o l i d Benzene 0.69,1.38 2 
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TABLE 3. 

P y r i d i n e and b i p y r i d y l adducts of aminoberyllium a l k y l s . 143 

Compound 

Me(py)BeNMe, 

Me(py)2BeNMe2 

Me(py)BeNPh„ 

Me(py)2BeNPh2 

Et(py)2BeNPh2 

Me(bipy)BefJPh, 

Et(bipy)BeNPh, 

State 
( a t R.T.) 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

Solvent 

"eh 

"eh 

Concn. 

0-303,0-606 

0-71,0-76 

0-58 

0-52,1-04 

Degree of 
Association 

0-35,0-69 
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TABLE 4. 

Amine Product Temp of e l i m i n a t i o n 
of a l k y l groups 

HN(Me)CH2CH2NMe2 ̂ ° (HeBeN(Me)CH2CH2rofe2)2 20°C 

H2NCH2CH2NMe2 ̂ ° (MeBeHNCH2CH2M-le2)2 20°C 

(BeN(CH_)^NI4e_) 170°C 2 2 2 n 

HN(Me)(CH2)2NHI^e ^° (MeBeN(Me) (CH2)2NHMe)2 >0°C 

(BeN(Me)(CH2)2NMe)^ 150°C 

H2NCH2CH2M2 Polymeric product 45°C 45°C 
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TABLE 5-
Organoberylliura alkoxides 

Compound 

MeBeOMe 

MeBeOEt 

MeBeOPr" 

MeBeOPr^ 

MeBeOBu* 

MeBeOCH^Ph 

MeBeOCHPh, 

MeBeOCPh. 
•3 

EtBeOCEt 
3 

Pr^BeOMe 

Bu BeOMe 

Bu^BeOBu* 

PhBeOMe 

State 
( a t R.T.) 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

L i q u i d 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

MeBeO(CH2)20Me S o l i d 

Solvent 

"eh 

"6^ 

"eh 

Concn. 

0.49,0-99 

0-31,0.47 
0- 94 

0-64,1-28 

0-30,0-60 

0-43,0-86 

0.78,1-28 

0.87,1.73 

0.54,1.08 

0.45,0.90 

0.49,0-97 

0.35,0.70 

0-49,0-98 
1- 36 

0.93,1-85 

0.42,0.85 

Degree of 
Association 

4 

4 

4 

4 

4 (3-8) 

4 

2 

2 

3 

4 

4 

2 

4 

4 
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"sm^ 6. 

Coordination compounds of a l k y l b e r y l l i u m alkoxides. 

Compound State 
( a t R.T.) Solvent Concn. Degree of 

Association 

MeBe0CHPh2.0Et2 

MeBe0CHPh2.THF 

MeBe0CPh^.0Et2 

PhBeOMe.OEt^ 

S o l i d 

S o l i d 

S o l i d 

'eh 

=6-6 

0.38,0.86 

0.40,0.57 

1.15,1-50 

MeBeOPh.OEt, 

Me(MeO)Bepy2 

Me(Bu^O)Bepy 

S o l i d 

S o l i d 

S o l i d 

°6«6 

"eh 

0-59,1-19 1-21,1-41 

0.61,1-21 

0.35,0.70 1.23,1.41 
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TABLE 7. 

Compound State 
( a t R.T.) Solvent Concn. Degree of 

Association 

Be(0CgH^X)2 167 

X=H,OH,Cl,Me,NO, 

S o l i d Polymeric 

Be(0Bu*)2 

Be(OMe). 96 

96 Be(0CEt^)2 

Be(0CH2CH20CH^)2 

Be(0CH2CH2N(CH^)2)2 165 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

"eh 

0.53,1.06 

0.36,0.72 

0.99,1-32 
1-97 

Polymeric 

2 

Polymeric 

8 - 1 1 
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TABLE 8. 

Amino zinc a l k y l s . 

Compound State 
( a t E.T.) Solvent Concn. Degree of 

Association 

MeZnNPh, 

EtZnNPh, 

Pr^ZnNPh, 

Bu^ZnNPh, 

PhZnNPh, 

EtZnNEt, 

MeZnNPh2Py2 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

L i q u i d 

S o l i d 

MeZnN (Me )(CH2) 21^62 S o l i d 

6̂̂ 6 

6̂̂ 6 

6̂̂ 6 

^6«6 

6̂̂ 6 

6̂̂ 6 

6̂̂ 6 

V 6 

0.74,1.48 

1-5, 1-79 

1.26,1.58 
.1-66 

1-22,2.43 

2 

2 

2 

2 

2 

2 

1 
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TABLE 9. 

Compoimd State 
( a t R.T.) Solvent Concn. Degree of 

Association 

MeZnOMe 

MeZnOBu 

EtZnOBu 

Bu^ZnOBu* 

EtZnOPr" 

MeZnOPh 

MepyZnOPh 

EtZnOCHPh2 

PhZnOCPh^ 

MeZnO(CH2)2Me2 

EtZnO(CH2)2NMe2 

MeZnO(CH2)20CH^ 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

L i q u i d 

"eh 

"eh 

"eh 

1.12,1.69 

1.71,2.43 

1-43,2.86 

1.51,2-26 

1- 77,3-05 

1.10,1-11 
l-34_ 

2- 15,3-08 

2-98,4-18 

1-14,1.60 

1.98,2.24 

1-83,2.29 

4 (concn. 
dependant) 

4 

2 

4 

4 

2 

3 

2 

3 

3 

4 
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TABLE 10. 

Compound State 
( a t R.T.) Solvent Concn. Degree of 

Association 

MeZnSMe 

MeZnSPr^ 

MeZnSPh 

MeZnSPr^ 

MeZnSBu''̂  

EtZnSBu''^ 

MepyZHSBu-* 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

6̂̂ 6 

6̂̂ 6 

^6^6 

6̂̂ 6 

1.66,1.97, 
2.03,2.49 

2.49,3-05 
3-47 

2.67,3.64 

0.87,1-75 

Polymer 

Polymer 

Polymer 

6 

5 

5 

2 
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TABLE 11. 

Alkylcadraium alkoxides. 

State Compound / ^ „ s Solvent vat K.X.^ Concn. Degree of 
Association 

MeCdOMe 

MeCdOEt 

MeCdOPr^ 

MeCdOBu* 

MeCdOPh 

MepyCdOPh 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

S o l i d 

6̂̂ 6 

^6^6 

6̂̂ 6 

1-67,1-95, 
2-33 

1-27,1-57, 
1-83 

1-95,1-74, 
1.08,0.74 

1- 66,1.93, 
2.31,2.87,3-78 

2- 15,4.13 

4-3 

4 

3-38-4 

1.40-1.52 
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TABLE 12. 

State 
Com£Ound ( ^ t X r . ) Solvent Concn. Degree of 

Association 

MeCdSMe 

MeCdSPr 

MeCdSBu' 

Solid 

Solid 

Solid 

3 - 7 5 , ^ - 3 3 , 
5 ' l l , 6 - 2 4 

2 - 2 3 , 2 . 6 3 , 
, 2-92 

Polymeric 

6 

MeCdSPh Solid Polymeric 



- 192 -

REFERENCES. 

1 . Grignard reactions of non-metallic substances; ICharasch, M.S. 

and Reinmuth, 0 . 

2 . Handbook of magnesium-organic compounds, Vol. I , I I , I I I ; 

Yoffe, S.T. and Nesneyanov, A.N. 

3 . Wakefield, B.J., Organometallic Chemistry Reviev/s, 1966, ̂ _, 1 3 1 . 

4 . Weiss, E., J . Organometallic Chemistry, 1964, 2 , 3 l 4 . 

5 . Stucky, G.D. and Rundle, R.E., J.A.C.S., I 9 6 3 , 8 5 , 1002. 

6 . Coates, G.E. and Ridley, D., Chem. Comm., I966, 36O. 

7 . Bryce-Smith, D. and Graham, I . E . , Chem. Comm., I 9 6 6 , 3 6 I . 

8 . Cahours, A., Annalen, l859> Hf+j 240. 

9 . Lohr, P., Annalen, I 8 9 I , 2 6 l , 48. 

1 0 . Grignard, V., Compt. Rendu., I9OO, I 3 0 , 1322. 

1 1 . Stucky, G. and Rundle, R.E., J.A.C.S., 1964, 8 6 , 4 8 2 1 . 

1 2 . Marvel, C.S., Blomquist, A.T. and Vaughan, L.E., J.A.C.S., 

1928, 5 0 , 2810 . 

1 3 . Tschelinzeff, W., Ber., 1904, 2 0 8 l . 

14. Shingu, H., Nishimura, T. and Yurimotion, J . , Jap. Pat., 1955> 3 2 2 1 . 

15 . Shostakovskii, M.F., Kulibekov, M.R., Garban', A.K. and 

Shostakovskii, S.M., Zhur. Obsch. Khim., 1964, ^ , 760 (759 Eng. Trans.). 

1 6 . Leigh, T., Chem. and Ind., I 9 6 5 . 426 . 

17 . Ashby, E.C. and Reed, R., J . Org. Chem., I 9 6 6 , 9 7 1 . 

1 8 . Schlenk, W., Ber., 19311 64B, 7 3 9 . 



- 193 -

19. Bryce-Smith, D. and Cox, G.F., J.C.S., 1958, IO5O. 

20 . Bryce-Smith, D. and Owen, W.J., J.C.S., I96O, 3319. 

21 . Bryce-Smith, D. and Gox, G.F., J.C.S., 1 9 6 I , 1173. 

22 . Glaze, V/.H. and Selman, C.M., J . Organometallic Chera., I 9 6 6 , ^ , ^77. 

2 3 . Bryce-Smith, D. and Wakefield, B.J., Proc. Chera. S o c , I 9 6 3 , 376. 

2k, Dessy, R.E., Kaplan, F., Coe, G. and Salinger, R.M., J.A.C.S., 

1963, 83 , 1 1 9 1 . , Cowan, D., Hosher, H., J . Org. Chem., I 9 6 2 , 27 , 1. 

2 5 . Gilman, H. and Brown, R., Rec. Trav. Chem., 193O, ifg, 202. 

26 . Schlenk, W. and Schlenk, W., Ber., 1929, 62B, 920. 

27 . Johnson, G.O. and Adkins, H., J.A.C .3 . , 1932, ^ , 19^3-

2 8 . Noller, C.R. and Hulmer, F.B., J.A.C.S., 1932, ^ , 503 . 

2 9 . Cope, A.C., J.A.C.S., 1955, 5 7 , 2239-

30 . Noller, C.R. and White, W.R., J.A.C.S., 1937, ^ , 1354. 

3 1 . Kullman, M.R., Corapt. Rendu., 1950, , 2 ^ , 866. 

3 2 . Strohmeier, W., Ber., 1955, 88 , 1 2 l 8 . , Ber., I 9 6 I , 2356. 

3 3 . Weiss, E., J . Organometallic Chemistry, 196^, 2 , 314 . 

3 4 . Weiss, E., J . Organometallic Chemistry, I 9 6 5 , ^ , 101. 

3 5 . Snow, A.I. and Rundle, R.E., Acta Cryst., 1951, k, ̂kS, 

3 6 . Stucky, G. and Rundle, E.E., J.A.C.S., 196if, 86, if825. 

3 7 . StrohmeierW;,Ber., 1955 , 88 , 1 2 l 8 . 

3 8 . Weiss, E. and Fischer, E.O., Z. Anorg. u. allgem. Chem., 1955, 278, 219. 

3 9 . Evans, D.F. and Maher, J.P., J.C.S., 1962, 5125-

ifO. Vreugdenhil, A.D. and Blomberg, C., Rec. Trav. Chim., I 9 6 3 , 82 , if53. 



- 194 -

41. Vreugdenhil, A.D. and Blomberg, C., Rec. Trav. Chem., I 9 6 3 , 82 , 46l. 

42. Guggenberger, L . J . and Rundle, R.E., J.A.C.S., 1964, 86 , 5344. 

4 3 . Weiss, E., Ber., I 9 6 5 , 98 , 2805. 

44. Ashby, E.C. and Becker, W.E., J.A.C.S., 1963, 85 , I I 8 . 

45 . Hamelin, R. and Goybiron, S., Compt. Rendu., I 9 5 8 , 246, 2832. 

46. Terenjew, A.P., Z. Anorg. u. allgem. Chem., 1926, _156, 7 3 . 

47 . Vreugdenhil, A.D. and Blomberg, C., Rec. Trav. Chim., 1965> 84, 39 . 

48. Slough, W. and Ubbelohde, A.R., J.C.S., 1955, IO8 . 

49 . Ashby, E.C. and Smith, M.B., J.A.C.S., 1964, 86 , 4363. 

50 . Wotiz, J.H., Hollingsworth, C.A. and Dessy, R.E., J . Org. Chem., 

1956, 21 , 1063. 

5 1 . Dessy, R.E., J . Org. Chem., I96O, 2^, 2260. 

5 2 . Vreugdenhil, A.D. and Blomberg, C , Rec. Trav. Chim., 1964, 8^, IO96. 

5 3 . Dessy, R.E., Green, S.I.E. and Salinger, R.M., Tet. L e t t s . , 1964, I369 . 

5 4 . Cowan, D.O., Hsu, J . and Roberts, J.D., J . Org. Chem., 1964, 29, 3688. 

5 5 . Blomberg, C., Vreugdenhil, A.D., von Zanten, B. and Vink, P., 

Rec. Trav. Chira., I 9 6 5 , 84, 828. 

5 6 . Smith, M.B. and Becker, W.E., Tet. L e t t s . , I 9 6 5 , 3843. 

5 7 . Evans, W.V. and Pearson, R., J.A.C.S., 1942, 64, 2865, and 

references therein. 

5 8 . Dessy, R.E., Handler, G.S., Wotiz, J.H. and Hollingsworth, C.A., 

J.A.C.S., 1957, Z2» 3^77-

5 9 . Z e i l , W., Z. Electrochem., 1952, 56 , 789: C.A., 1954, 48, 1298. 



- 195 -

60 . Dessy, R.E. and Jones, P.M., J . Org. Chem., 1959, 2^, I 6 8 5 . 

61 . Sraelik, J . and Zeiser, 0 . , Monatsh., 1953, 84, I I 6 8 . 

62 . De Wolfe, R.H., Hagmann, D.L. and Young, W.G., J.A.C.S. 

1957, 79 , ^795. 

6 3 . Fraenkel, G. and Dix, D.T., J.A.C.S., I 9 6 6 , 88 , 979. 

6k. Ebel, H.F. and Schneider, R., Ang. Chem. ( i n t . ) , I 9 6 5 , k, 878. 

6 5 . Guild, L.V., Hollingsworth, C.A., McDaniel, D.H. and Prodder, S.K., 

Inorg. Chem., I 9 6 2 , 2i 921. 

66 . Zakharkin, L . I . , Okhlobystin, O.Yu. and Bi l e v i t c h , K.A., Tet. Letts., 

1965, 21 , 881. 

6 7 . Wotiz, J.H., Hollingsworth, C.A. and Dessy, R.E., J . Org. Chem., 

1955, 20 , 1545. 

68 . Wotiz, J.H., Hollingsworth, C.A., Dessy, R.E. and Lin, L.C. 

J . Org. Chem., 1958, 23 , 228. 

69 . Wotiz, J.H. and P r o f f i t t , G.L., J . Org. Chem., I 9 6 5 , 30 , 1240. 

7 0 . Hashimoto, H., Nakano, T, and Okada, H., J . Org. Chem., I 9 6 5 , ^0 , 1234. 

7 1 . Scala, A.A. and Becker, E . I . , J . Org. Chem., I 9 6 5 , 30 , 3491. 

7 2 . Ashby, E.C., J.A.C.S., 1965, 87 , 2509. 

7 3 . Ashby, E.C., J . Organometallic Chem., I 9 6 7 . 

7 4 . Schlenk, W. Jun., Ber., 1931, 64, 737 . 

7 5 . French, W. and Wright, G.F., Can. J . Chem., 1964, 42, 2474. 

7 6 . Coates, G.E. and Huck, N.D., J.C.S., 1952, 4501. 

7 7 . B e l l , N.A. and Coates, G.E., Can. J . Chera., I 9 6 6 , 44, 7kk. 



- 196 -

7 8 . Peters, F.M., J . Organometallic Chem., 1965, 1, 334 . 

7 9 . Zakharkin, L . I . , Zhur. Obsch. IQiim., 1964, 3125. 

80 . Wittig, G., Meyer, F.J. and Lange, G., Annalen, I 9 5 I , I 6 7 . 

8 1 . S e i t z , L.M. and Brown, T.L., J.A.C.S., 1966, 88 , 4 l 4 0 . 

82 . Theile, K.H. and Zdunneck, P., Organometallic Chemistry Reviev/s, 

1966, 1, 3 3 1 . 

8 3 . Strohmeier, W., Hiunpfner, K., Miltenberger, K. and Se i f e r t , F., 

Z. Electrochem, 1959» 6^» 537 . 

84. Roberts, P.D., Personal communication. 

8 5 . Burger, H., Forker, C. and Goubeau, J . , Monatsh., 1965, 597 . 

86 . Strohmeier, V/. and Humpfner, K., Z. Elekitrochem., I 9 5 6 , 60, 1111. 

8 7 . Ashby, E.C. and Walker, F., J . Organometallic Chem., I 9 6 7 , 7 , p17. 

8 8 . Brov/n, H.C. and Davidson, N.R., J.A.C.S., 1942, 64, 3 l 6 . 

8 9 . Coates, G.E., J.C.S., 1 9 5 I , 2OO3. 

90 . Coates, G.E. and Green, S.I.E., J.C.S., 1962, 3340. 

9 1 . Coates, G.E. and Tranah, M., J.C.S., (A), 1967, 236. 

9 2 . Fetter, N.R., Canad. J . Chem., 1964, 42, 8 6 I . 

9 3 . F e t t e r , N.R., J.C.S., (A), 1966, 711 . 

94 . Glaze, W.H. and Selma, C.M., J . Organometallic Chem., I 9 6 6 , ^ , 477-

9 5 . Peters, F.M., J . Organometallic Chem., I 9 6 5 , ^ , 334 . 

96 . Fishwick, A.H., Personal communication. 

9 7 . B e l l , N.A., Coates, G.E. and Emsley, J.W., J.C.S., (A), I 9 6 6 , 49 . 

98 . B e l l , N.A., Personal communication. 



- 197 -

9 9 . Wittig, G. and Hornberger, P., Annalen, 1952, ̂ Z' H* 

100. Coates, G.E. and Glockling, F., J.C.S., 1954, 2 2 . 

1 0 1 . Tranah, M., Ph.D. Thesis, Durham, I 9 6 6 . 

102 . Strohmeier, W. and Gernert, F., Z. Naturforsch., 1 9 6 I , l 6 b , 76O. 

103. Strohmeier, W. and Gernert, F., Z. Naturforsch., I 9 6 2 , 17b, 128. 

104. Strohmeier, W. and Gernert, F., Ber., I 9 6 2 , 9^ , 1420. 
Gr.F. 

105. Coates, G.E. and Cox, y^Sf., Chem. and Ind., I 9 6 2 , 2 6 9 . 

106. Coates, G.E. and B e l l , N.A., J.C.S., I 9 6 5 , 692 . 

107. Hein, F. and Schramm, H., Z. Physik Chem., I93O, 142, ^ ^ 8 . 

108 . Gutowsky, H.S., J . Chem. Phys., 1949, 17 , 128. 

109 . Feher, F., Kolb, W. and Leverenz, L., Z. Naturf orsch., 1947 , 2a , 45̂ +. 

110 . Noltes, J.G. and van den Hurk, J.W.G., J . Organometallic Chem., 
1964, 1 , 3 7 7 . 

1 1 1 . Ridley, D., Ph.D. Thesis, Durham, I 9 6 5 . 

112 . Thiele, K.H., Z. Anorg. u. allgem. Chem., I 9 6 3 , 156. 

113. Thiele, K.H. and Rau, H., Z. Chera., I 9 6 5 , ^ , 110. 

114. Noltes, J.G. and van den Hurk, J.W.G., J . Organometallic Chem., 
1965, 3 , 222 . 

115 . Pajaro, G., Biagini, S. and Fiumani, D., Ang. Chem. ( i n t . ) , 
1963, 2 , 9 4 . 

116 . Thiele, K.H., Hanke, W. and Zdunneck, P., Z. Anorg. Chera., I 9 6 5 , ^27, 63 . 

117 . Thiele, K.H. and Schroder, S., Z. Anorg. Chem., I 9 6 5 , 137, '\k. 

118. Fraiikland, E., An_nalen, l 8 5 9 , ' 1 1 1 , 6 2 . 

i 



- 198 -

119 . Thiele, K.H., Z. Anorg. u. allgem. Chem., I 9 6 2 , I 8 3 . 

120 . Allen, G., Bruce, J.M. and Hutchinson, F.G., J.C.S., 1965, 5 4 7 6 . 

1 2 1 . Strohmeier, V/., Z. Elektrochem, I 9 5 6 , 6 0 , 5 8 . 

122 . - Strohmeier, W. and Nutzel, K., Z. Elektrochem, 1955» 5 3 9 . 

123 . Sheverdina, N.I., Paleeva, I.E., Zaitseva, N.A. and Kocheshkov, K.A., 

Dokl. Akad. Nauk. S.S.S.R., 1964, 1 ^ , 623 . 

124 . Thiele, K.H., Z. Anorg. u. allgem. Chem., I 9 6 3 , ^ » 7 1 . 

125 . Wanklyn, J.A., Annalen, I 8 5 8 , I O 7 , 6 7 . 

126 . Hein, F. and Schramm, H., Z. Phys. Chem., 1930, 151, 2 3 4 . 

127 . Hein, F., Schleede, A. and Kallmeyer, H., Z. Anorg. u. allgem. Chem., 

1 9 6 1 , 260 . 

128 . Hurd, D.T., J . Org. Chem., 1948, 13 , 7 1 1 . 

129 . Wittig, G. and Hornberger, P., Annalen, 1952, ^ZZ' 

130 . Sheverdina, N.I., Abramova, L.V. and Kocheskov, K.A. 

Dokl. Akad. Nauk. S.S.S.R., 1959, 128, 3 2 0 . 

1 3 1 . Orgel, L.E., Introduction to Transition Metal Chemistry, Hethuen, I96O. 

132 . Thiele, K.H., Z. Anorg. u. allgem. Chem., 1964, 8 . 
133 . Powell, H.B., Maung, H.T. and Lagowski, J . J . , J.C.S., I 9 6 3 , 2484. 

134 . Sheverdina, N.I., Paleeva, I . E . , Delinskaya, E.D. and Kocheshkov, K.A., 

Dokl. Akad. Nauk. S.S.S.R., 1962, 14^ , 1123. 

135 . Beachley, O.T. and Coates, G.E., J.C.S., 1965, 3 2 4 1 . 

136 . Coates, G.E. and Ridley, D., J.C.S. (A), 1967, 5 6 . 

137 . Shearer, H.M.M. and Spencer, C.B., Personal communication. 



- 199 -

138 . I s s l e i b , K . and Deylig, H.J., Ber., 1964, 2Z» 9 ^ . 

139. Birnkraut, W.H., Inorg. Chem., I 9 6 3 , 2 , I O 7 4 . 

140 . Wiberg, E. and Bauer, R., 1952, 8 5 , 5 9 3 . 

1 4 1 . Holam, G., Tet. L e t t s . I 9 6 6 , 1985. 

142. Coates, G.E. and Ridley, D., J.C.S. (A), 1966, 1064. 

143. Shearer, H.M.M. and Spencer, C.B., Chem. Comm., I966, 194 . 

144 . Matsui, Y . , I^amiya, K . and Nashikawa, M ., B u l l . Chem. Soc. Japan, 

1966, 29, 1828. 

145. Coates, G.E. and Ridley, D., Unpublished observations. 

146. Tuulmets, A.V., Org. Reactivity, 1964, 1 , 212 . 

147 . House, H.O. and Traficante, D.D., J . Org. Chera., I 9 6 3 , 2 8 , 355 . 

148. C.oates, G.E. and Fishwick, A.H., i n press. 

149. Coates, G.E. and Ridley, D., J..C.S. I 9 6 5 , I87O. 

150 . Noltes, J.G., Rec. Trav. Chim., I 9 6 5 , 8 4 , 126. 

1 5 1 . Abraham, M,H, and K i l l , J.A., Proc. Chem. S o c , 1964, 175: 

J . Organometallic Chem., 1967, 7 , 2 3 . 

152 . Noltes, J.G., Rec. Trav. Chim., I 9 6 5 , 8 4 , 7 8 2 . 

153 . Butlerow, A., Jahresber, l 8 6 4 , 467 . 

154 . Aston, J.G. and Menard, D.F., J.A.C.S., 1935, 2^' 1920. 

155. Allen, G., Bruce, J.M., Farren, D.W. and Hutchinson, E.G., 
J.C.S. (B), 1966, 7 9 0 . 

156 . Bruce, J.M., Cutsforth, B.C., Farren, D.W. and Hutchinson, F.G., 
J.C.S.. (B), 1966, 1020. 



- 200 -

157 . Herrold, R.J., Aggarwal, S.L. and Neff, V., Can. J . Chem., 

1963, 4 1 ' ' ' 368 . 

158. Schendler, F., Schmidbaur, H. and Kruger, U., Ang. Chem. ( i n t . ) , 

1965, 4 , 8 7 6 . 

159 . Coates, G.E. and Lauder, A., J.C.S. (A), I 9 6 6 , 264 . 

160 . Coates, G.E. Glockling, F. and Huck, N.D., J.C.S., 1952, 4512 . 

1 6 1 . B e l l , N.A. and Coates, G.E., J.C.S. (A), I966, IO69. 

162 . Masthoff, R. and Vieroth, C , Z. Chem., I965, 5 , 142. 

163 . Funk, H. and Masthoff, R., J . Prakt. Chem., I 9 6 3 , 2 2 , 2 5 5 . 

164 . Longi, P., Mazzanti, G. and Bernardini, F., Gazzetta., I96O, 90 , 18O. 

165 . B e l l , N.A., J.C.S. (A), I 9 6 6 , 5 4 2 . 

166 . Fetter, N.R. and Peters, F.M., Can. J . Chem., I 9 6 5 , k^, l884. 

167 . Funk, H. and Masthoff, R., J . Prakt. Chera., I 9 6 3 , 2 2 , 2 5 0 . 

168 . J o l i b o i s , P., Compt. Rendu., 1912, 155, 3 5 3 . 

169 . Wiberg, E. and Bauer, R., Z. Naturforsch., I95O, ^ , 3 9 6 . 

170 . Clapp, D.B. and Woodward, R.B., J.A.C.S., 1938, 6 0 , IO19 . 

1 7 1 . Wiberg, E. and Bauer, R., Ber., 1952, 8 5 , 5 9 3 . 

172 . Freundlich, W. and Claudel, B., B u l l . Chem. Soc. France, 1956, 967 . 

173 . Dymova, T.N. and Eliseeva, N.G., Zhur. Neorg. Khim., I 9 6 3 , 8 , 1574. 

174 . Wiberg, E. and Strebel, P., Annalen, 1957, 6O7, 9 . 

175 . Becker, W.E. and Ashby, E.G., Inorg. Chem., I 9 6 5 , 4 , 1816. 

176 . Bauer, R., Z. Naturf orsch, I 9 6 I , l 6 b , 839 , 557'. 

177 . Bauer, R., Z. Naturforsch, I 9 6 2 , 17b, 2 7 7 . 



- 201 -

178 . Barbaras, G.D., D i l l a r d , C., Finholt, A.E., Wartik, T., 
Wilzbach, K.E. and Schlesinger, H.I., J.A.C.S., 1 9 5 1 , 7 3 , ^585 . 

179 . Zakharkin, L . I . and IQiorlina, I.H., Zhur. Obsch. IQiim., I 9 6 2 , ^ 2 , 2783 . 

180 . E l l i n g e r , F.H., Holley, C.E., Mclnteer, B.B., Pavone, D., 
Potter, R.M., Stantzlcy, E. and Zachariasen, V/.H., J.A.C.S., 

1955, 7 7 , 2647 . 

1 8 1 . Stampfer, J.F., Holley, C.E. and Suttle, J.F., J.A.C.S., 196O, 8 2 , 3504 . 

182 . Kennelly, J.A., Vanwig, J.V/. and Myers, H.W., J . Phys. Chem., 

1960, 64, 7 0 3 . 

183 . Wiberg, E., Goeltzer, H. and Bauer, R., Z. Naturf orsch, I 9 5 I , 6 h , 3 9 4 . 

184 . Faust, J.P., Whitney, E.D., Batha, H.D., Keying, T.L. and Fogle, C.E., 

J . Appl. Chem. (Lond.), I96O, 10 , 187. 

185 . Becker, W.E. and Ashby, E.G., J . Org. Chem., 1964, 22, 9 5 ^ . 

186 . Zachariasen, W.H., Holley, C.E. and Stampfer, J.F., Acta, Cryst., 

1963, 16 , 3 5 2 . 

187 . Podall, H.E. and Foster, W.E., J . Org. Chem., 1958, 2 3 , l848. 

188 . Rice, M.J. and Andrellos, P.J., Tech. Rep. Office of Naval Res., 
Contract ONR-494(04), 1956. 

189 . Mackay, K.M., Hydrogen compounds of the metallic eleraents, H. Spon, 

• ' 1966. 

190 . Coates, G.E. and Glockling, F., J.C.S., 1954, 2 2 , 2526 . 

1 9 1 . Head, E.G., Holley, C.E. jun., and Rabideau, S.W., J.A.C.S,, 
1957, 72i 3647 . 



- 202 -

192 . Banford, L. and Coates, G.E., J.C.S., 1964, 5 5 9 1 . 

193 . Adamson, G.W. and Shearer, H.M.M., Chem. Comm., 1965, 240. 

194 . B e l l , N.A. and Coates, G.E., Proc. Chem. Soc., 1964, 5 9 . 

195 . B e l l , N.A., Coates, G.E. and Emsley, J.W., J.C.S., 1966, I36O. 

196 . B e l l , N.A. and Coates, G.E., J.C.S., 1966, IO69 . 

197 . B e l l , N.A. and Coates, G.E., Chem. Comm., I 9 6 5 , 5 8 2 . 

198 . B r i t . Patent. 9 2 1 , 8O6 (Montecatini, I963). 

1 9 9 . Schnieder, M., Personal communication. 

2 0 0 . Fetter, N.R. and Peters, F.M., J . Organometallic Chem., 1965, 4 , 1 8 I . 

2 0 1 . Jander, G. and Kraffozyk, K., Z. Anorg. Chem., I 9 5 6 , 2 8 ^ , 217 . 

2 0 2 . Wiberg, E and Henle, W., Z. Naturforsch, 1 9 5 1 , 6b , 46l. 

2 0 3 . Schlesinger, H.I. and Burg, A.B., Chem. Rev., 1942, 21» I -

204. Becker, V/.E. and Kobetz, P., Inorg. Chem., I 9 6 3 , 2 , 8 5 9 . 

2 0 5 . Bauer, R., Z. Naturforsch, I 9 6 2 , T7b, 6 2 6 . 

2 0 6 . Bauer, R., Z. Naturforsch, I 9 6 2 , 17b, 2 0 1 . 

2 0 7 . Chambers, R.D., Coates, G.E., Livingstone, J.G. and Musgrave, V/.K.R., 

J.C.S., 1962, 4367 . 

2 0 8 . Connett, J.E. and Deacon, G.B., J.C.S. (C), I 9 6 6 , I O 5 8 . 

2 0 9 . Wittig, G. and Ruckert, A., Annalen, 1950, ̂ 66, 1 0 1 . 

2 1 0 . Honeycutt, J.B. and Riddle, J.M., J.A.C.S., 1 9 6 I , 8^ , 3 6 9 . 

2 1 1 . Z ^ g l e r , K., Lehmkuhl, H. and Lindner, E., Chem. Ber., 1959, ^ 2 , 2320 . 

2 1 2 . Cheema, Z.K., Gibson, G.W. and Eastham, J.F., J.A.C.S., 1963, 8^, 3517. 

2 1 3 . Dupont de Nemours, E . I . , B r i t . Pat., 909 , 950 , ( 1 9 6 2 ) . 



- 203 -

214. Wittig, G., Keicher, G., Ruckert, A. and Rqff, P., Ann., 
19^9, 110. 

215. Williams, K.C. and Brown, T.L., J.A.C.S., 1966, 88, 413^. 

216. Williams, E.E., Fisher, H.D. and Wilson, C.O., J . Phys. Chem., 
1960, 64, 1583. 

217. Spencer, C.B., Personal communication. 


