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S U M M A R Y 

The reaction of d imethyl , diethyl and diphenyl m e r c u r y with 

m a g n e s i u m (100% e x c e s s ) was found to take place under much m i l d e r 

conditions than those indicated in previous r e p o r t s . Ul tra pure so lu

tions of dialkyl magnes ium reagents were obtained by extract ing the 

react ion m i x t u r e s with the solvent of cho ice , leaving behind the in

soluble m e r c u r y and e x c e s s m a g n e s i u m . D i - s - b u t y l m a g n e s i u m was 

prepared in highest purity via the exchange react ion of anhydrous m a g 

nes ium chloride with s-butyl l i thium in benzene at 40OC. M a r k e d dif

f erences in the react iv i ty of various s a m p l e s of m a g n e s i u m chloride 

w a s shown to be dependent on the initial source of m a g n e s i u m and not 

on the method of preparation of the magnes ium chloride itself . 

W h e n methyl l i thium and dimethylmagnesium w e r e mixed in 

diethyl ether at 2 5 ° C , c o m p l e x e s w e r e f o r m e d whose s to ich iometry 

depended on the L i : M g ratio in solution. At L i : M g rat ios of 2:1 or 

l e s s , the composi t ion in solution w a s best represented by the following 

equation in which a 2:1 complex exis ted in equi l ibrium with both r e -

actants . 

0 . 5 ( C H 3 L i ) 4 + ( C H 3 ) 2 M g ~ L i 2 M g ( C H 3 ) 4 
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W h e n the L i : M g ratio was grea ter than 2 : 1 , the composit ion in so lu

tion was best represented by the following equation. 

0 . 2 5 ( C H 3 L i ) 4 + L i 2 M g ( C H 3 ) 4 . L i 3 M g ( C H 3 ) 5 

The addition of s-butyl l i thium to d i - s - b u t y l m a g n e s i u m in 

cyclohexane resul ted in the formation of c o m p l e x e s whose s to ich iom-

etry was dependent on the L i : M g rat io in solution. At a L i : M g ratio 

of exact ly 1:1 lithium t r i - s - b u t y l m a g n e s i u m w a s produced. A 

m o n o m e r - d i m e r equi l ibrium w a s shown to exist over a concentration 

range 0 . 11 - 0 . 2 5 m o l a l . W h e n the L i : M g ratio was i n c r e a s e d , the 

s y s t e m was best descr ibed in t e r m s of a 1:1 complex exist ing in equi

l ibr ium with a 2:1 c o m p l e x . At L i : M g ratios g r e a t e r than 2 : 1 , the 

infrared spectra of the solutions showed only the effect of e x c e s s s-

butyll ithium. 

The addition of phenyllithium to an equivalent amount of di-

phenylmagnes ium in diethyl ether resul ted in the formation of an 

authentic 1:1 c o m p l e x , lithium tr iphenylmagnes ium. 

Lithium hydride w a s shown not to react with d imethy lmag-

nes ium in diethyl ether. In tetrahydrofuran, intermediate complexes 

w e r e f o r m e d in which the nucleophil ic character of the methyl group 

w a s grea ter than that of the methyl in d ime thy lmagnes ium alone . 

Ether c leavage then occurred to a significant d e g r e e . Ether c leavage 
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a l so resul ted when lithium and sodium hydride w e r e m i x e d with d i -

phenylmagnes ium in tetrahydrofuran. Stable insoluble c o m p l e x e s 

w e r e f o r m e d when potass ium hydride and diphenylmagnesium w e r e 

m i x e d in diethyl e ther . Evidently precipitation of the complex was 

fas ter than ether c leavage . 

M i x t u r e s of alkali m e t a l hydrides with the appropriate d i -

a lky lmagnes ium compound in benzene resul ted in the formation of 

stable soluble c o m p l e x e s , as shown by the following equations. 

NaH + 2 ( s - C 4 H 9 ) 2 M g — N a H - 2 ( s - C 4 H 9 ) 2 M g 

K H + ( s - C 4 H 9 ) 2 M g - K H - ( s - C 4 H 9 ) 2 M g 

KH + ( n - C 4 H 9 ) 2 M g - K H - ( n - C 4 H 9 ) 2 M g 

Attempts to prepare a 2.1 complex from potassium hydride and di-s -

buty lmagnes ium resul ted in extensive metal lat ion of the solvent . 

Reduction of the sodium hydride complex shown above r e 

sulted in the format ion of N a M g 2 H 5 , which was shown to d i ssoc iate to 

N a M g H 3 and M g H 2 at 1 1 5 ° C . Both hydrogenolys is and pyro lys i s of 

the complex K H * ( s - C 4 H 9 > 2 M g resul ted in the formation of K M g H 3 . 

C o m p a r i s o n of the X - r a y powder diffraction patterns of N a M g H 3 and 

K M g H 3 with those of N a M g F 3 and K M g F 3 revea led m a r k e d s i m i l a r 

i t i es . The Perovsk i t e s tructure has been demonstrated for the 



xi 

f luoride compounds and is therefore impl i ed for the hydride c o m 

pounds. Hydrogeno lys i s of lithium t r i - s - b u t y l m a g n e s i u m at 2 5 ° C 

produced a mix ture of L i H , M g t ^ and L i M g H 3 . Simultaneous D T A 

T G A analys i s revea led L i M g H 3 , NaMgHg and K M g H 3 are stable to 

~ 30QOC. 
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C H A P T E R I 

I N T R O D U C T I O N 

In recent y e a r s there has been increasing awareness of the 

need for high purity magnes ium alkyls and ary l s for kinetic and ebul -

l ioscopic m e a s u r e m e n t s ( 1 , 2 ) . A number of methods of preparat ion, 

both in ether and hydrocarbon so lvents , are wel l documented in the 

l i terature ( 3 , 4 , 5 , 6 ) , but all suffer f rom s o m e disadvantages . 

The dioxane precipitation method ( e q . l ) is perhaps the m o s t 

widely used of these , but s o m e dioxane is invariably complexed to the 

soluble dialkyl magnes ium s p e c i e s , and can be r e m o v e d only if the 

solvent is r e m o v e d at reduced p r e s s u r e and the result ing solid ( R 2 M g -

ether-dioxane) is placed under vacuum at elevated temperatures ( c a . 

1 1 0 ° C ) ( 7 ) . 

E t 2 0 
2 R M g X + 2 dioxane - R 2 M g + M g X 2 • 2 dioxane (1) 

S i m i l a r l y , when l imited amounts of dimethyl ether are used ( eq . 2 ) , 

codisti l lation with hydrocarbon is n e c e s s a r y to obtain a complete ly 

desolvated s p e c i e s . 

5%MeoO 
R M g C l + R L i R 9 M g + L i C l (2) 

hydrocarbon 
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If the d ia lkylmagnes ium compound is required to be ether free or if 

solvent exchange is des ired ( e . g . , E t 2 0 to T H F ) for m o l e c u l a r weight 

m e a s u r e m e n t s , the disadvantages assoc ia ted with these preparat ions 

are obvious . 

The exchange reaction ( eq . 3) i s somewhat tenuous as r e 

ported in the l i t erature , and l imited to those alkyls which cannot 

undergo olefin e l imination at temperatures on the order of 1 5 0 ° C . 

_ , , sea led tube „ „„ / 0 . 
R 2 H * + M g high temperature 1 ^ + H g ( 3 ) 

The exchange reaction ( eq . 4) using anhydrous magnes ium chloride 

s lurr i ed in benzene has been demonstrated with excellent resu l t s when 

R = s -buty l . 

benzene 
M g C l o + 2 s - B u L i s - B u 2 M g + 2 L i C l (4) 

or hexane 

The main requirement is that the product must be soluble in hydro

carbon. 

T h u s , s ince extensive use of d ia lkylmagnes ium compounds 

was planned, the initial goal of this r e s e a r c h w a s to evaluate and 

modify (where necessary) avai lable synthetic routes as we l l as to 

attempt to dev ise new and useful preparat ive methods leading to this 

c l a s s of compounds . Once high purity reagents w e r e in hand the 
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react ions of magnes ium alkyls could be investigated under a var ie ty 

of conditions. 

gated for many y e a r s ( 8 ) , much l e s s effort has been devoted to e luci 

dating the nature of re lated magnes ium a lky l s . It i s a lready known 

that this latter c las s of compounds behave toward typical organic sub

s trates such as ketones and nitr i les in a fashion s i m i l a r to that of the 

Grignard reagents . The advantage of studying other react ions of d i -

a lky lmagnes ium compounds as re lated to Gr ignard reagents l i e s in the 

s imple composi t ion of this spec ies in solution compared to the Gr ignard 

reagents t h e m s e l v e s . Dia lky lmagnes ium compounds are but one of 

many spec ie s present in the Gr ignard equil ibria ( eq . 5) and while they 

are p o l y m e r i c in the sol id state ( 9 ) , they are not assoc ia ted at all in 

T H F and only sl ightly in diethyl ether (F igure 1) ( 2 ) . 

t r i m e r ^ = d i m e r ^ = ^ R 2 M g + M g X 2 ^ — - 2 R M g X ^ = ^ d i m e r ^ = ^ t r i m e r (5) 

M a g n e s i u m alkyls in ethereal solvents consist main ly if not ent ire ly of 

m o n o m e r i c solvated m o l e c u l e s . 

W h e r e a s Gr ignard reagents have been extens ive ly invest i -

R 

M g 

P R 2 R 

M g O R 2 + R 2 Q (6) 

R O R 2 R 



4 

Solid State ( C H 3 ) 2 M g 

M e 

Solution 

M e 

M g M g M g 

N S s M e X / ^ ' M e 

A s s o c i a t i o n 

3 . 0 

2 . 0 

1 . 0 

M e M g B r 

E t 2 M g 

E t 2 M g ( T H F ) 

1 . 0 2 . 0 3 . 0 

Concentration ( m ) 

F i g u r e 1. Nature of A s s o c i a t i o n of Gr ignard Reagents and M a g n e s i u m 
A l k y l s . 
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The m a g n e s i u m a lky l s , by virtue of avai lable vacant o r b i t a l s , or by 

virtue of the fact that weakly bas i c ether can be d i sp laced , should 

react with s tronger b a s e s to f o r m ac id -base c o m p l e x e s . T h u s , (a) 

diethyl ether is d isplaced by a m o r e bas ic ether such as T H F and (b) 

it should be poss ib le to displace the ether by a m o r e bas ic m e t a l 

alkyl or hydr ide . 

R 2 M g • 2 E t 2 0 T H F > R 2 M g • 2 T H F + 2 E t 2 0 ( 7 ) 

R 2 M g • 2 E t 2 0 — L l R » L i M g R 3 • E t 2 0 L i 2 M g R 4 ( 8 ) 

When hydrocarbon soluble spec ies a r e employed such as d i - s - b u t y l -

m a g n e s i u m , which is known to be d i m e r i c ( 6 ) , the s a m e type of r e 

action should take p lace . In this case an alkyl bridge bond would be 

broken and complex format ion would fo l low. 

Other m e t a l a lkyls which a lso have orbita ls avai lable for 

bond format ion such as M e 2 Z n , M e ^ A l and M e ^ B readi ly form c o m 

plexes with M e L i ( 1 0 , 1 1 ) . S i m i l a r complexes have been o b s e r v e d 

for E t 2 Z n , E t 2 H g , and E t 2 C d with E t L i in solution ( 1 2 ) . The s t r u c 

tures of L i 2 B e ( C H 3 ) 4 and L i 2 Z n ( C H 3 ) 4 have been determined recent ly 

by X - r a y powder analys i s ( 1 3 , 1 4 ) . 

Until recent ly , h o w e v e r , the only complex of this type known 

containing a m a g n e s i u m atom was L i M g O g , which had been isolated 

f r o m diethyl ether ( 1 5 ) . 
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0 L i + 0 2 M g - L i M g 0 3 (9) 

M o r e recent ly Brown and c o - w o r k e r s studied the react ion of lithium 

alkyls and ary l s with m a g n e s i u m alkyls and a r y l s using low t e m p e r 

ature n m r techniques ( 1 6 ) . When R = M e , complexes of the type 

L i n M g R 2 + n w e r e indicated where n = 2 or 3 . W h e r e R = 0 both 1:1 

and 2:1 c o m p l e x e s w e r e o b s e r v e d . V e r y recent ly Seitz (17) has 

shown, again using low temperature n m r , that a spec ies L i M g ( C H 3 ) 3 

ex is t s in T H F , but has no evidence for the 3:1 complex in the m o r e 

bas ic so lvent . None of these c o m p l e x e s were i so la ted , however , and 

the c o m p l e x e s w e r e thought to d issoc iate as the temperature was in

c r e a s e d . An investigation of the nature of these and related s y s t e m s 

at r o o m temperature appeared warranted . 

A report concerning the reaction of d iethylmagnes ium with 

lithium, sodium and potass ium hydrides later appeared (18) . Whi l e 

the authors concluded that complex formation m a y have o c c u r r e d in 

solut ion, extensive ether c leavage resul ted and the c o m p l e x e s could 

not be i so lated . Although stable c o m p l e x e s of bery l l ium and zinc such 

as N a H - E t 2 B e ( 1 9 ) , N a H - 2 E t 2 Z n ( 2 0 , 2 1 ) , L i H - ( ^ 2 Z n and L i H - ^ B e 

(22) are known, no stable complexes have been reported for m a g 

nes ium. 

S i m i l a r l y , although complex meta l hydrides such as L i A l H ^ 

and N a B H 4 are known, few attempts have been made to prepare m i x e d 
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m e t a l hydrides of the type M ' M g H ^ or M ' 2 M g H 4 where M ' is an alkali 

m e t a l . Coate s has reported a s i m i l a r c o m p l e x , N a 2 B e H 4 , which 

was prepared according to equation 10 ( 2 3 ) . 

7 0 ° 
N a ( i - B u 2 B e ) H - N a ( i - B u B e H ) H ^ (10) 

1 /2 i - B u 2 B e + 1 /2 N a 2 B e H 4 

M e s s e r , e ^ a l . ( 2 4 ) reported complexes of the type L i C a H 3 , L i B a H 3 

and LiSrH3 prepared via hydrogenation of the m e t a l s at 7 0 0 - 7 5 0 ° C , 

and indicated a Perovsk i te type lattice f r o m X - r a y powder ana lys i s . 

W h e n the B a : L i or S r : L i rat ios in the original m e t a l mixture were >1:1 

e x c e s s B a H 2 and S r H 2 w e r e observed . 

Only two attempts have been made to prepare analogous m a g 

nes ium s p e c i e s . Tanaka reported the attempted hydrogenation of a 

mix ture of M e L i and M e 2 M g and identified the only products as L iH 

and M g H 2 ( 2 5 ) . Coates reported the pyro lys i s of a mixture of n - B u L i 

and M e 2 M g produced only L iH and M e 2 M g ( 1 8 ) . 

The purpose of the r e s e a r c h descr ibed in this thes is was 

(a) to evaluate avai lable synthetic routes leading to pure d ia lky lmag

nes ium compounds and to investigate new r o u t e s , a n d ( b ) to study the 

react ions of this c la s s of compounds with var ious alkali m e t a l alkyls 

and hydrides under a var ie ty of conditions. 
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C H A P T E R II 

E X P E R I M E N T A L 

Instrumentation and Apparatus 

The inert a tmosphere g love box was manufactured by K e w a u 

nee ( M o d e l 2 C 1 0 2 0 ) and equipped with a rec irculat ing s y s t e m to con

tinuously r e m o v e oxygen and water contaminants f r o m the s y s t e m ( 2 6 ) . 

A Litt le Giant v a c u u m - p r e s s u r e pump (capacity 1 .2 5 cfm) was used 

to rec ircu la te the a t m o s p h e r e . 

X - r a y powder diffraction patterns w e r e obtained on a D e b y e -

S c h e r r e r c a m e r a of 1 1 4 . 6 - m m diameter using C u K « ( 1 . 5 4 0 A ) radiation 

with a nickel filter and Ilford Industrial G X - r a y f i lm. S ingle-wal led 

capi l lary tubes of 0 . 5 m m diameter (S i emens of A m e r i c a ) w e r e used . 

A l l chromatographic analyses w e r e carr i ed out using a dual 

column gas chromatograph ( F & M Scientific M o d e l 720) using columns 

f i l led with Polypak 2 or Carbowax 2 0 M suspended on Diatoport S ( F & 

M Scient i f ic) . 

Infrared spectra w e r e obtained using a Perk in E l m e r M o d e l 

621 high resolution infrared spectrophotometer . Both potass ium b r o 

mide and ce s ium iodide windows w e r e employed . A Perkin E l m e r 

var iable path-length cel l was used in the re ference beam where 
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appl icable . Spectra of sol ids w e r e obtained in Nujol which had been 

dried over sodium w i r e , degassed and s tored under nitrogen. 

The n m r spectra w e r e obtained on a Var ian A - 6 0 s p e c 

t r o m e t e r . 

A Co leman M o d e l 21 f lame photometer w a s used for alkali 

meta l determinat ions . 

A high p r e s s u r e lab manufactured by Autoclave E n g i n e e r s , 

capable of producing and maintaining p r e s s u r e s up to 4 5 0 0 psi in the 

react ion v e s s e l was used in al l hydrogenolys i s e x p e r i m e n t s . 

C r y o s c o p i c m o l e c u l a r weight m e a s u r e m e n t s w e r e obtained 

in benzene and cyclohexane in an apparatus spec ia l ly des igned for 

handling a ir sensit ive compounds ( 2 7 ) . A c r o s s - s e c t i o n a l view of this 

apparatus is provided in F igure 2 . An outlet (n) is used to provide an 

inert gas purge , or evacuate the s y s t e m . Both solvent and test so lu 

tions w e r e added f r o m a tared syringe through a rubber septum at ( s ) . 

A B e c k m a n differential t h e r m o m e t e r (b) w a s used to moni tor t e m p e r 

ature changes . The st irr ing helix ( h ) , w a s driven up and down by an 

external mechanica l ly driven magne t , acting on an iron core attached 

to the he l ix . 

D T A - T G A analyses w e r e obtained using a Met t l er T h e r m o -

analyzer II , which had been adapted to handle air and moi s ture sens i 

tive compounds . 



C r y o s c o p i c M o l e c u l a r Weight Apparatus 
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Reagents 

D i a l k y l m e r c u r y compounds ( M e t a l l o m e r ) and alkyll ithium 

compounds (Foote M i n e r a l C o . , Lithium Corporat ion of A m e r i c a ) 

w e r e used as rece ived . Lithium and sodium aluminum hydride ( V e n -

tron Meta l Hydr ides Division) w e r e used as drying agents without 

further purif ication. Lead alkyls w e r e obtained f r o m the Ethyl C o r 

poration. 

P o t a s s i u m and sodium (Baker Analyzed) w e r e cut under m i n 

e r a l oil and washed with toluene or benzene pr ior to u s e . L i th ium, 

sodium and potass ium hydride (Ventron M e t a l Hydr ides Division) w e r e 

obtained in m i n e r a l oi l and washed with hexane pr ior to use . 

Tetrahydrofuran ( F i s h e r Cer t i f i ed ) , benzene ( B a k e r T h i o -

p h e n e - f r e e ) , toluene ( F i s h e r Cer t i f i ed ) , xylene ( F i s h e r Certif ied) and 

p-dioxane ( F i s h e r Certif ied) w e r e dist i l led f rom N a A l H ^ through a 

two-foot v igreaux column under dry nitrogen just pr ior to u s e . Hexane 

was washed with concentrated H2SO4, w a t e r , dried over anhydrous 

MgSC>4 and dist i l led f r o m N a A l H 4 . Diethyl ether ( F i s h e r Certif ied) 

w a s dist i l led f r o m L i A l H 4 . 

The alkyl and ary l hal ides (Reagent Grade f r o m Eastman) 

w e r e dried over anhydrous M g S O ^ , and dist i l led under an a tmosphere 

of dry nitrogen through a twenty-inch column filled with g l a s s h e l i c e s . 

Methy lbromide was dist i l led d irect ly f r o m the bottle through a one-

foot column packed with NaOH and m o l e c u l a r s ieve type 4 - A into the 

react ion s y s t e m . 
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Inorganic salts used as catalysts in the tetraethyllead exper i 

m e n t s , e . g . , H g C l 2 , A l C l g , and B C l g , were dried under vacuum at 

1 0 0 ° C pr ior to u s e . In s o m e c a s e s water was trapped by P 2 O 5 . 

Gr ignard grade magnes ium turnings ( F i s h e r Reagent) and 

triply subl imed m a g n e s i u m (Dow) w e r e used where specif ied. Both 

grades of magnes ium w e r e washed with e ther , dried in vacuo , and 

s tored . The meta l w a s dried a second t ime in the apparatus used to 

prepare all of the compounds. 

High purity hydrogen ( A i r c o ) was used in all hydrogenation 

e x p e r i m e n t s . 

A l l manipulations of the chemica l s were carr i ed out in the 

g love box (dry nitrogen atmosphere) or on the bench using Schlenk 

techniques ( 2 8 ) . A l l equipment that came in contact with the reagents 

was dried by f lash f laming under vacuum or under a rapid nitrogen 

purge . 

A n a l y s i s 

Samples were prepared for analys is as fo l lows . Liquid 

s a m p l e s ( e . g . , 2 m l of a Gr ignard compound in diethyl ether) were 

cooled to - 7 8 ° C and hydrolyzed with dist i l led water . Using this tech

nique, the water f irst f r o z e , then as the sample was al lowed to w a r m , 

melt ing and slow hydro lys i s took p lace . In this fashion very react ive 

s a m p l e s could be effectively hydrolyzed with no charr ing . Solid 
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s a m p l e s w e r e dried on a vacuum mani fo ld , weighed into a tared v e s s e l 

under ni trogen, covered with ether and treated in a like m a n n e r . 

After h y d r o l y s i s , the s a m p l e s were acidified with dilute sulfuric ac id , 

(the ether w a s r e m o v e d under v a c u u m ) , and diluted to vo lume with 

dist i l led w a t e r . 

F o r magnes ium ana lys i s , aliquots w e r e withdrawn, buffered 

to pH 1 0 , and a s m a l l quantity of e r i o c h r o m e black T and methyl red 

indicators added. The samples were w a r m e d to 6 0 ° C and titrated with 

E D T A to the end point. F o r halogen a n a l y s i s , aliquots w e r e treated 

with 5 m l of benzyl a lcohol , 2 m l of f e r r i c alum indicator and titrated 

with e x c e s s AgNC>3. The sample w a s then back titrated to the end 

point with K C N S . 

F o r alkali m e t a l analys i s standard curves were prepared as 

fo l lows . Salts ( L i 2 C 0 3 , N a C l , KC1) were dried at 1 1 0 ° C overnight , 

weighed into a tared weighing bott le , d i s so lved in dist i l led w a t e r , and 

then trans ferred to a vo lumetr ic f lask and diluted to v o l u m e . Standard 

solutions ( L i , 0 - 1 0 m e q / L ; N a , 0 - 5 m e q / L ; K , 0 - 0 . 6 m e q / L ) w e r e 

prepared by subsequent dilutions and used to prepare standard curves 

on the f lame photometer . Accurate determination of alkali meta l con

tent was obtained by comparing the unknown to these standard c u r v e s . 

Hydridic hydrogen and butane analyses w e r e p e r f o r m e d on a 

vacuum line ( 2 8 ) . The res idues remaining after hydro lys i s w e r e 
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acidified and treated as previous ly descr ibed for m a g n e s i u m and alkali 

m e t a l ana lys i s . 

F o r vpc ana lys i s , s a m p l e s (al iquots of l iquids or weighed 

amounts of so l id , covered with diethyl ether or benzene) w e r e hydro-

lyzed in the manner previous ly d e s c r i b e d , using a saturated NH^Cl 

solution instead of dist i l led w a t e r . The organic layer separated 

readi ly and test s a m p l e s were withdrawn with a Hamilton Syringe for 

ana lys i s . 

Genera l Preparat ive Methods 

Preparat ion of Gr ignard Reagents 

Gr ignard reagents were used repeatedly in this study as p r e 

c u r s o r s in the preparation of d ia lkylmagnes ium compounds and m a g 

nes ium chlor ide . The preparat ion of i s o - p r o p y l m a g n e s i u m chloride 

will illustrate the method employed. Two addition funnels, one with 

2-ch loropropane ( 3 1 . 4 g , 0 . 4 m o l e s ) and one with diethyl ether ( 2 0 0 . 0 

ml ) w e r e connected to one side of a 0 . 5 l i ter 3-necked round bottom 

f lask with a C l a i s s e n adapter. A mechanica l s t i r r e r ( m o t o r a s s e m b l y 

with an o i l - s e a l e d bearing) was inserted at the center neck and a dry 

i ce -ace tone condenser connected to the remaining neck. Reaction was 

initiated by the addition of 3 to 5 m l of the halide along with 50 m l of 

ether ( s o m e t i m e s gentle warming was required) to the m a g n e s i u m 

turnings ( 1 2 . 1 5 g , 0 .5 m o l e s ) . The remaining halide w a s added drop-
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wi se along with ether at a rate sufficient to maintain mi ld ref lux, 

usual ly over a two-hour per iod. The resulting c l e a r , c o l o r l e s s solu

t ions , over e x c e s s m a g n e s i u m , consistently gave a magnes ium: 

halogen ratio of 1:1 (within 3%) on ana lys i s . The next operation was 

dictated by the specif ic preparat ion in p r o g r e s s . 

Preparat ion of Anhydrous M a g n e s i u m Chloride 

Method A: F r o m the Reaction of i s o - P r o p y l m a g n e s i u m 

Chlor ide with Anhydrous Etherea l Hydrogen Chlor ide . In a typical 

react ion i s o - p r o p y l m a g n e s i u m chloride ( 2 0 0 m l of a 1 . 6 m o l a r so lu 

tion in diethyl e ther , 0 . 3 2 mo le s ) was placed in a 500 m l three-necked 

round bottom f lask equipped with a mechanica l s t i r r e r , dropping 

funnel and water cooled condenser . Hydrogen chloride ( 2 1 0 m l of a 

1 . 5 m o l a r solution in e ther , 0 . 3 2 m o l e s ) was added s lowly over a 

period of two h o u r s . The react ion began immedia te ly and was slightly 

e x o t h e r m i c , with a continuous precipitation of m a g n e s i u m chloride 

observed throughout. When the evolution of propane c e a s e d , the m i x 

ture was f i l t ered , the m a g n e s i u m chloride etherate washed with two 

100 m l portions of benzene and s lurr i ed in an additional 300 m l of 

benzene . 

The sample was then placed on a disti l lation apparatus con

sisting of a 20 - inch column fi l led with g l a s s he l ic ies and a fract ional 

dist i l lation head. The temperature was ra i sed and codisti l lation of 

the solvents continued until the head temperature reached 8 0 ° C . At 
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this point vpc analys i s of a portion of the s lurry consistently indicated 

that only 0 . 3 to 0 . 5 m o l e percent ether r e m a i n e d , relat ive to m a g 

nes ium. This final s l u r r y w a s then used in the exchange react ions 

with s-butyl l i thium. 

Method B: F r o m the Reaction of i s o - P r o p y l m a g n e s i u m 

Chlor ide and Benzy l Chlor ide . In a typical react ion i s o - p r o p y l m a g -

nes ium chloride ( 1 0 0 m l of a 1 . 5 m o l a r solution in diethyl e ther , 0 . 15 

m o l e s ) was placed in an apparatus s i m i l a r to that descr ibed above . 

Benzy l chloride (19 g, 0 . 1 5 m o l e s ) was diluted to 60 m l with ether 

and added at ref lux. N o r m a l l y 30% of the benzyl chloride was added 

and the mix ture kept s t irr ing at reflux until the react ion began, then 

the res t of the halide was added. Reaction was immedia te only when 

the G r i g n a r d concentration was at least 2 . 0 m o l a r . Once the react ion 

was c o m p l e t e , the sample was treated as descr ibed in Method A above . 

Preparat ion of Dia lky lmagnes ium Compounds 

Preparat ion of M e 2 M g 

Method A . A G r i g n a r d reagent was prepared in the usual way 

f r o m methyl bromide ( 2 5 0 g, 2 . 6 m o l e s ) and triply subl imed m a g n e 

s ium ( 7 5 . 0 g , 3 . 0 m o l e s ) . Methyl bromide was passed through a one-

foot column packed with NaOH and m o l e c u l a r se ive type 4 - A ( l / 1 6 inch 

pel lets) and condensed direct ly into the halide dropping funnel by a dry 

i ce -ace tone condenser . The final solution was 1 . 7 m o l a r in magnes ium 
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p-Dioxane (252 g, 2 . 8 6 m o l e s ) was added direct ly to the reaction m i x 

ture over a three-hour per iod , and produced a voluminous white p r e 

cipitate of MgBrg* 2dioxane. The mixture was s t i rred overnight , then 

taken into the dry box and allowed to set t le . The c lear supernatent 

was decanted f r o m the mixture and later combined with e x c e s s ether 

used to wash the precipitate in order to extract the remaining d imethyl 

m a g n e s i u m . A n a l y s i s indicated that the final solution was 0 . 7 2 5 m o l a r 

in magnes ium and contained no halogen. 

Method B . D i m e t h y l m e r c u r y ( 3 0 . 69 g, 0 . 1 3 4 m o l e s ) was 

added to triply subl imed magnes ium ( 7 . 3 g , 0 . 3 m o l e s ) in a 250 m l 

round bottom flask and placed under a water cooled reflux condenser . 

The react ion was spontaneous, and heat r e l e a s e ended after 1. 5 h o u r s . 

The f lask was al lowed to sit for 12 hours and then placed under vacuum 

for two hours at 6 0 ° C to r e m o v e any unreacted d i m e t h y l m e r c u r y . The 

fluffy white d imethy lmagnes ium was extracted with diethyl ether and 

separated f rom the res idual magnes ium a m a l g a m by f i l tration. A n a l 

y s i s of the fi ltrate indicated the solution to be 0 . 4 3 5 m o l a r in m a g n e 

s i u m , and the standard test for m e r c u r y using 2 , 2 ' - d i p y r i d y l was 

negative. The yield of d imethylmagnes ium was near ly quantitative. 

Preparat ion of n - B u 2 M g 

Method A . A Gr ignard reagent was prepared in the usual 

way f rom 1-chlorobutane ( 8 4 . 5 g , 0 . 9 1 m o l e s ) and triply subl imed 

m a g n e s i u m ( 3 1 . 0 g , 1 . 3 m o l e s ) to give a solution 1 . 3 m o l a r in m a g -
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nes ium. p-Dioxane (88 g , 1 . 0 m o l e s ) was added and after filtration 

the final solution was placed under vacuum for solvent r e m o v a l . The 

result ing white sol id (n-Bu2Mg-Et2<I)) was heated to 1 2 0 ° C under a 

vacuum of 0 . 5 m m for 18 hours ( 7 ) . Anal:* Calcd for n - B u 2 M g : M g , 

1 7 . 5 0 % ; Found: M g , 1 7 . 3 4 % . The y ie ld was approximate ly 80%. 

Method B . A Grignard compound was prepared as descr ibed 

above , and the react ion mixture f i l tered in the dry box to produce a 

c lear solution of n-buty lmagnes ium chlor ide , in 98% y ie ld . n -Buty l -

m a g n e s i u m chloride ( 0 . 5 m o l e s in 500 m l of ether) was placed in a 

one l i ter three-necked round bottom flask equipped with a magnet ic 

s t i r r e r , dry i ce -ace tone condenser and a dropping funnel containing 

n-butyll ithium ( 0 . 50 m o l e s in 225 m l of benzene) . The lithium reagent 

was added dropwise over a period of two h o u r s . The react ion was 

instantaneous; a precipitate of L i C l was produced continuously. Af ter 

fi ltration the c lear solution was subjected to codisti l lation until the 

head temperature reached 8 0 ° C . During this t i m e , n - B u 2 M g w a s p r e 

cipitated continuously f r o m solution. The product was i so lated by 

f i l trat ion, and dried in vacuo. A n a l . Ca lcd for n - B u 2 M g : M g , 

1 7 . 5 0 % ; Found: M g , 17 .30%; C I , 0 . 0 0 % . 

''~vpc analys i s indicated ~ 1 % res idual dioxane remained in this 
product . 

'""vpc analys is indicated ^-0 . 5% res idual e ther . 
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Preparat ion of s - B u 2 M g 

Method A: Disproport ionation of s - B u t y l m a g n e s i u m Chloride 

( 2 9 ) . s - B u t y l m a g n e s i u m chloride ( 0 . 4 m o l e s ) was prepared in the 

usual m a n n e r in diethyl ether f rom 2-chlorobutane and triply subl imed 

m a g n e s i u m . The sample was f i l tered to r e m o v e e x c e s s m a g n e s i u m 

and the solvent was then r e m o v e d in vacuo to produce a v i scous liquid 

which was heated to 8 0 ° C under vacuum of 1 m m for 12 hours to r e 

m o v e solvated ether . Benzene ( 1 0 0 ml ) was added and during a 4 8 -

hour period the solution thinned out producing a straw co lored s u p e r -

natent and a white so l id . The mixture was then f i l tered. Ana lys i s 

showed the filtrate to be 0 . 525 m o l a r in magnes ium and 0 .14 m o l a r in 

chloride ion. The sol id res idue was found to contain hydridic hydrogen 

and gave a magnes ium:chlor ide:hydrogen ratio of 2:3:1. The X - r a y 

powder diffraction patterns showed this solid to be a mixture of m a g 

nes ium hydride and unsolvated magnes ium chlor ide . Th i s sol id m i x 

ture was later used in an exchange react ion with s-butyl l i thium to 

produce d i - s - b u t y l m a g n e s i u m . The fi ltrate contained d i - s - b u t y l m a g -

nes ium and ether solvated s -buty lmagnes ium chlor ide . T h u s , under 

the above conditions desolvation of the initial Gr ignard reagent was 

incomplete and a pure sample of d i - s - b u t y l m a g n e s i u m was not obtained. 

Method B: F r o m Magnes ium Chloride and s -Butyl l i th ium. 

Anhydrous m a g n e s i u m chloride was prepared f r o m (a) d isproport ion-
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ation of s -buty lmagnes ium chloride in benzene , (b) react ion of i s o -

propy lmagnes ium chloride with anhydrous ethereal hydrogen ch lor ide , 

and (c) react ion of i s o - p r o p y l m a g n e s i u m chloride with benzyl ch lor ide . 

The latter m e a n s of preparation was m o s t often used . 

In a typical exchange react ion , a s lurry of magnes ium 

chloride in benzene ( 0 . 150 m o l e s in 200 m l of benzene) was t rans 

f e r r e d into a 500 m l round bottom flask fitted with a three-way stop

cock suited for additions via syr inge under a counterflow of nitrogen. 

s -Butyl l i th ium (70 m l of a 1 . 4 6 m o l a r solution in cyc lohexane , 0 . 1 0 

m o l e s ) was added with s t i rr ing , while the temperature was maintained 

at 4 0 ° C with an oil bath. After st irring overnight two additional p o r 

tions of the lithium reagent were added (50 m m o l e s each) at ~~ 6 hour 

in terva l s . Af ter again s t irr ing overnight , a sample of the s l u r r y was 

withdrawn and centrifuged, and an aliquot of the supernatent was taken 

for lithium ana lys i s . The exchange was cons idered complete when the 

lithium analys i s was negat ive . Af ter filtration to r e m o v e L i C l , the 

m i x e d hydrocarbon was r e m o v e d at reduced p r e s s u r e and rep laced 

with f re sh ly dist i l led benzene pr ior to use in subsequent reac t ions . 

Preparat ion of ( C 7 H i 5 ) 2 M g 

T r i p l y subl imed m a g n e s i u m ( 1 0 . 0 g , ^ 0 . 4 mo le s ) was placed 

in a c r e a s e d three -necked round bottom flask equipped with a high 

speed s t i r r e r ( 2 0 , 0 0 0 - 3 0 , 0 0 0 r p m ) , reflux condenser and two dropping 
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funnels , n -Hepty lbromide ( 5 3 . 7 g , 0 . 3 m o l e s ) which had been fresh ly 

dist i l led at 6 2 ° C and 14 m m was placed in one dropping funnel and 200 

m l of hexane in the other . The react ion w a s initiated by adding 10% of 

the halide d irect ly to the m a g n e s i u m and heating gently . The mixture 

began to s m o k e a lmos t i m m e d i a t e l y . Enough hexane w a s added to 

allow efficient st irring to take place and the remaining halide and s o l 

vent w e r e added s lowly . The react ion temperature w a s maintained at 

4 0 ° C . Af ter complete addition, the mixture was s t i rred for s e v e r a l 

hours and then f i l tered to produce a c l ear solution of d i - n - h e p t y l m a g -

n e s i u m , f ree of halogen. The final solution was 0 . 0 9 6 m o l a r in m a g 

nes ium. 

Preparat ion of ( C 5 H 5 ) 2 M g 

Method A . Pheny lmagnes ium bromide (1 m o l e in 500 m l of 

diethyl ether) was prepared in the usual manner using triply subl imed 

m a g n e s i u m . p-Dioxane (92 g, 1 . 0 5 m o l e s ) was diluted with 200 m l of 

ether and added dropwise as previous ly descr ibed . The result ing m i x 

ture w a s f i l tered in the dry box . A n a l y s i s indicated that the f i ltrate 

was 0 . 79 m o l a r in magnes ium and halide f r e e . The y ie ld was approx

imate ly 85%. 

Method B . Diphenylmagnes ium was prepared f r o m diphenyl-

m e r c u r y ( 1 7 . 7 0 g, 0 . 0 5 m o l e s ) in a manner previous ly descr ibed for 

the preparat ion of d imethy lmagnes ium from d i m e t h y l m e r c u r y , except 
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that the react ion temperature was maintained at 1 5 5 ° C for 40 hours . 

Init ial ly, s o m e Hg(#2 subl imed to the top of the f lask and in the lower 

inch of the condenser , but this was eas i ly me l ted back into the f lask 

with a s t r e a m of hot air against the outside of the apparatus . The 

react ion mixture was extracted with f resh ly dist i l led diethyl e ther . 

The yield was approximate ly 95%. 

Attempted Preparat ion of E t 2 M g f r o m P b E t 4 

Tetraethyl lead was purified pr ior to use according to the 

following s c h e m e . An aliquot of the oily liquid was placed over act i 

vated charcoa l for s e v e r a l hours and then isolated by f i l tration. ' The 

sample w a s then dried over a m o l e c u l a r s e i v e , degassed under vacuum 

and s tored under a nitrogen a tmosphere shielded f r o m light. 

In a typical react ion , triply subl imed m a g n e s i u m ( 2 . 0 g, 80 

m m o l e s ) was placed in a 100 m l two-necked Morton f lask equipped 

with a high speed s t i r r e r ( 2 0 , 0 0 0 rpm max) and water cooled con

d e n s e r . Tetraethy l lead ( 3 . 3 g, 10 m m o l e s ) was introduced along with 

anhydrous a luminum chloride ( 2 5 mg) and covered with toluene. The 

mix ture was heated to 8 0 ° C with an oil bath and s t i rred rapidly at this 

temperature for 48 h o u r s . Meta l l i c lead was deposited during this 

Naphthalene is added to c o m m e r c i a l s a m p l e s of T E L as a 
s tab i l i zer . The s c h e m e for its r e m o v a l was suggested by the Ethyl 
Corporat ion . 
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per iod and the m a g n e s i u m had been sheared repeatedly to a s m a l l 

part ic le s i z e . No diethylmagnes ium was observed v i sua l ly . The 

supernatent was not hydrolyt ical ly act ive . The mixture was f i l tered 

and the res idue extracted with diethyl e ther . The ether washings 

w e r e not hydrolyt ical ly active and a test for magnes ium w a s negat ive . 

The m a g n e s i u m meta l w a s quite react ive and on addition of w a t e r , 

hydrogen was evo lved . 

Severa l exper iments were carr i ed out under a var ie ty of 

conditions. The resu l t s are given in Table 1. In no case was d i 

e thy lmagnes ium produced, even in poor y ie ld . 

At tempted Preparat ion of M e 2 M g f r o m P b M e 4 

Te tramethy l l ead ( 9 . 8 g, 2 5 . 0 m m o l e s ) and triply subl imed 

m a g n e s i u m ( 2 . 4 g, 100 m m o l e s ) were combined in a 100 m l round 

bottom flask with a catalytic amount of d i m e t h y l m e r c u r y . The 

mixture was covered with toluene, heated to 6 5 ° C under a water 

cooled condenser for six hours and then handled in the s a m e manner 

as de scr ibed in the previous exper iment . No reaction took place 

under the above conditions. 



Table 1 

Exper imenta l Conditions for the Attempted Synthesis of Die thylmagnes ium 

Exper iment 
T E L 

( m m o l e s ) 

Mg 

( m m o l e s ) 
Catalyst Solvent T e m p e r a t u r e 

and T i m e 

10 40 5 5 ° - 3 days 
80O - 1 day 

2 a 10 40 Hg 5 5 ° - 1 . 5 days 
8 0 ° - 1 day 

3 b 10 40 Hg - M e 2 M g - M e 2 H g 5 5 ° - 3 days 

4 10 40 B iClg 8 0 ° - 2 days 

5 25 100 1 5 m l E t 2 0 5 0 ° - 2 days 

6 C 5 20 20 $ C H 3 reflux - 2 days 

7 10 80 B F 3 * E t 2 0 20 0 C H 3 3 0 ° - 2 days 
8 0 ° - 1 day 

CO
 10 80 AICI3 20 0 C H 3 8 0 ° - 2 days 

a. In a s i m i l a r exper iment refluxing ether w a s used as a so lvent . 

b . Catalyst obtained f r o m H g M e 2 + Mg react ion . 

c. M e r c u r i c chloride added after 20 h o u r s . 

CO 
4^ 
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Preparat ion of Hydr ides 

Preparat ion of Lithium Hydride* 

t-Butyl l i thium ( 1 5 0 m l of a 1 .2 5 m o l a r solution in pentane, 

0 . 187 m o l e s ) was t rans ferred via syringe to an autoclave under a 

nitrogen a t m o s p h e r e . The v e s s e l was instal led in the s y s t e m and the 

sample subjected to a hydrogen p r e s s u r e of 3000 psi at 2 5 ° C for 16 

h o u r s . After decreas ing the p r e s s u r e to one a t m o s p h e r e , the r e s u l 

ting s lurry of lithium hydride in pentane was t rans ferred via syr inge 

to a round bottom f lask . A 1 m l sample of the s l u r r y was withdrawn 

for analys i s on the vacuum line and after hydro lys i s the res idue was 

analyzed by f lame photometry for l i thium. The l i thium:hydrogen 

ratio was found to be exact ly 1 . 0 0 : 1 . 0 0 . The lithium hydride obtained 

in this react ion was snow-white . 

Preparat ion of Sodium Hydride 

Sodium hydride was prepared in toluene at 4 0 0 ° F under a 

hydrogen p r e s s u r e of 1900 p s i , in a manner s i m i l a r to that descr ibed 

for K H . The autoclave react ion v e s s e l was cooled after 20 hours and 

* W h i l e s e v e r a l methods of preparation for lithium hydride 
w e r e at tempted, such as (a) pyro lys i s of n-butyll ithium in hexane , 
(b) vacuum pyro lys i s of n-butyllithium in m i n e r a l o i l , and (c) hydro-
geno lys i s of t-butyllithium in pentane, only the latter gave good 
r e s u l t s . 
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the g r a y white product t rans ferred to a round bottom blask in the dry 

box . The product contained traces of unreacted sodium. 

Preparat ion of P o t a s s i u m Hydride 

P o t a s s i u m meta l (approx imate ly 13 g, approximate ly 0 . 3 

m o l e s ) was cut under m i n e r a l o i l , washed with toluene and added to 

f resh ly dist i l led toluene ( 1 5 0 ml) in the autoclave reaction vessel.''* 

The v e s s e l w a s p r e s s u r i z e d to 1400 psi at a temperature of 3 0 0 ° F . 

The react ion proceeded readi ly as was indicated by a d e c r e a s e in the 

hydrogen p r e s s u r e . Once during the reaction the s y s t e m had to be 

r e p r e s s u r i z e d . After 1 . 5 hours the temperature was lowered to 2 5 ° C 

and the product was then trans ferred f r o m the autoclave react ion 

v e s s e l to a round bottom flask in the dry box. When a s m a l l sample 

of the sol id was squeezed between two g l a s s p la tes , t races of unre

acted m e t a l w e r e o b s e r v e d . 

' r T h e quality of potass ium hydride prepared in the autoclave 
is somewhat dependent on the react ion conditions. If m i n e r a l oil was 
u s e d , incomplete hydrogenation was o b s e r v e d . When toluene was 
u s e d , with a reaction t ime of 1. 5 h o u r s , a slight green colorat ion 
was o b s e r v e d in the product. This could be r e m o v e d by washing with 
d y g l y m e . If the temperature was maintained at 3 0 0 ° F for 24 h o u r s , 
the amount of green m a t e r i a l increased dras t i ca l ly , suggesting s o m e 
interaction of the potass ium meta l or potass ium hydride with the s o l 
vent. The highest purity potass ium hydride , a gray white so l id , was 
prepared when benzene was used as the diluent under the react ion 
conditions descr ibed above . Evidently an aromat ic hydrocarbon is a 
much better diluent than m i n e r a l o i l , probably because it m a y help 
so lubi l ize the m e t a l via interaction with the TT e lectron cloud. 
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Preparat ion of Alkal i M e t a l Alky l C o m p l e x e s of M a g n e s i u m Alky l s 

C H 3 L i + ( C H 3 ) 2 M g in Diethyl Ether 

D imethy lmagnes ium ( 2 3 . 4 m l of a 0 . 6 6 m o l a r solution, 1 5 . 3 

m m o l e s ) and methyl l i thium ( 2 0 . 0 m l of a 1 . 5 3 m o l a r solution, 3 0 . 6 

m m o l e s ) w e r e combined in a 200 m l round bottom f lask . The mixture 

was s t i rred for one hour at 2 5 ° C , and an aliquot was r e m o v e d for 

spectra l ana lys i s . The IR spectrum indicated that complex format ion 

had o c c u r r e d . 

In an attempt to obtain sol ids by fract ional crys ta l l i za t ion , an 

aliquot was placed in a f lask and solvent r e m o v e d at reduced pres sure . 

No precipitate was observed until approximate ly 95% of the ether had 

been r e m o v e d ; h o w e v e r , the solution had b e c o m e increas ing ly v i scous . 

At this stage the mixture could not be f i l t ered , and the result ing sol id 

was dried in vacuo for s e v e r a l h o u r s . An IR spectrum of the so l id , 

obtained as a Nujol m u l l , indicated that no complexed ether r e m a i n e d 

in the s a m p l e . The X - r a y powder diffraction pattern w a s r e c o r d e d . 

An attempt to obtain sol ids by fract ional crysta l l izat ion of 

the 1:1 mixture of d imethy lmagnes ium and methyl l i thium w a s a l so 

unrewarding. T h i s mix ture was treated as above and the sol id i s o 

lated and dried in vacuo. 

T w o other solutions w e r e prepared in a s i m i l a r m a n n e r , in 

which the L i : M g ratio was 1 . 3 : 1 . 0 and 3 . 0 : 1 . 0 re spec t ive ly . The 
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solvent w a s r e m o v e d f rom each solution at 2 5 ° C under reduced p r e s 

s u r e , and the result ing white sol ids w e r e dried in vacuo for s e v e r a l 

h o u r s . The X - r a y powder patterns w e r e recorded and are presented 

in Table 7. 

C H 3 L i + ( C H 3 ) 2 M g in Diethyl Ether - Infrared Study 

A sys temat i c study was undertaken in an attempt to define 

the nature of the spec ies present in solution when methyl l i thium and 

d imethy lmagnes ium are m i x e d at var ious s to i ch iometr i e s . 

An apparatus was a s s e m b l e d consisting of a 2 50 m l round 

bottom f lask equipped with a teflon coated magnet ic s t irr ing bar and 

a three -way stopcock for the addition or withdrawal of s a m p l e s via 

syr inge . Initially methyl l i thium (5 m l of a 1 . 4 9 m o l a r solution, 7 . 4 8 

m m o l e s ) was added to d imethy lmagnes ium ( 7 5 . 0 m l of a 0 . 4 3 5 m o l a r 

solut ion, 3 2 . 6 m m o l e s ) and after s t irr ing for 20 m i n u t e s , a 1 m l 

aliquot was withdrawn and used to obtain an IR spectrum of the so lu

tion. S u c c e s s i v e additions of methyl l i thium gradual ly i n c r e a s e d the 

L i : M g rat io in solution, and the IR spectra w e r e obtained at each 

stage of the addition. Continuous correct ions w e r e m a d e to allow for 

the nonequivalent l o s s of both reagents during the sampl ing . The 

analys i s of the solution at each stage i s given in Table 2 . A d i s c u s 

sion of the spec tra is given in Chapter III. 
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Table 2 

Preparat ion of C H g L i - f C H ^ M g M i x t u r e s for Infrared A n a l y s i s 

Addition M g Cone . L i C o n e . L i / M g IR# 

1 0 . 4 3 5 m e q / 1 A 

2 0 . 409 0. , 094 m e q / 1 0. . 2 3 B 

3 0 . 384 0. , 177 0, . 4 6 C 

4 0 . 361 0. , 2 5 3 0. , 70 D 

5 0 . 325 0. , 378 1. , 17 E 

6 0 . 294 0 . , 4 8 3 1. , 64 F 

7 0 . 268 0 . , 573 2 . , 12 G 

8 0 . 247 0 . 648 2 . 62 H 

9 0 . 228 0 . 710 3 . 10 I 

10 0 . 212 0 . 765 3 . 62 J 

11 0 . 198 0 . 818 4 . 14 K 

12 0 . 137 1. 097 7. 87 L 

n - C ^ H g L i + ( n - C ^ g ^ M g in Hexane 

n-Butyl l i thium ( 2 2 . 2 5 m l of a 1 . 5 m o l a r solution, 3 3 . 5 m m o l e s ) 

was added to d i -n -buty lmagnes ium ( 4 . 629 g , 3 3 . 5 m m o l e s ) in a 2 50 m l 

round bottom f lask along with 70 m l of f resh ly dist i l led hexane . Af ter 

s t irr ing for 12 h o u r s , the sol id d i -n -buty lmagnes ium had comple te ly 
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d i s so lved . S imultaneous ly , in a second react ion v e s s e l a 2:1 mixture 

w a s prepared by adding n-butyll ithium (68 m m o l e s ) to d i - n - b u t y l m a g -

nes ium ( 3 4 m m o l e s ) . Aga in , the sol id d i -n -buty lmagnes ium d i s so lved 

rapidly when s t i r r e d . The IR spectra of both c l e a r , s t r a w - c o l o r e d 

l iquids w e r e recorded; both w e r e quite s i m i l a r to the spectra of n-

butyllithium itself , exhibiting only one broad band at 550 cm~* . 

T h e r e f o r e , l ittle information regarding the nature of these complexes 

could be obtained. 

At tempts were m a d e to obtain sol ids by fract ional c r y s t a l l i 

zation of both react ion mix tures but in each case the solution b e c a m e 

increas ing ly v i scous as the solvent was r e m o v e d under reduced p r e s 

s u r e . An amorphous sol id was finally produced after extended drying 

per iods in vacuo . No further work w a s p e r f o r m e d on this s y s t e m . 

s - C ^ g L i + ( s - C 4 H g ) 2 M g in Cyc lohexane-Benzene 

D i - s - b u t y l m a g n e s i u m (100 m l of a 0 . 6 7 m o l a r solution in 

benzene , 67 m m o l e s ) and s-butyl l i thium ( 4 5 m l of a 1 . 4 9 m o l a r so lu 

tion in cyc lohexane , 67 m m o l e s ) w e r e combined in a 250 m l round 

bottom flask and s t i rred at 2 5 ° C . The n m r spectrum of the mix ture 

conf irmed complex format ion . 

The solvent was r e m o v e d f r o m a portion of this solution, at 

reduced p r e s s u r e . The resulting s t r a w - c o l o r e d liquid was s t i r r e d 

gently under vacuum for s e v e r a l hours at room tempera ture . Nitrogen 
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was bled back into the s y s t e m and fresh ly dist i l led benzene was added. 

The m o l e c u l a r weight of the organometa l l i c spec ies in solution was 

determined cryoscop ica l l y . The resu l t s are given in Table 8 . 

The r e m a i n d e r of the solution was used in the preparation of 

L i M g H 3 . 

s - C 4 H g L i + ( s - C 4 H g ) 2 M g in Cyclohexane - Infrared Study 

An e x p e r i m e n t , s i m i l a r to the one descr ibed above for the 

methy l l i th ium-d imethy lmagnes ium s y s t e m , was undertaken in an 

attempt to define the nature of the spec ies in solution when s -buty l -

lithium ( 1 . 4 6 mo lar ) and d i - s - b u t y l m a g n e s i u m are combined in cyc lo 

hexane . The analys i s of the solution at each stage is given in Table 3 . 

Table 3 

Preparat ion of s - C 4 H g L i - ( s - C ^ g ^ M g Mix tures for Infrared A n a l y s i s 

Addition Mg Cone . Li Cone . L i / M g IR# 

1 0 . 559 m e q / 1 A 

2 0 . 4 6 9 0 . 2 34 m e q / 1 0 . 5 B 

3 0 . 4 0 6 0 . 4 0 0 0 . 9 9 C 

4 0 . 359 0 . 5 2 7 1 . 4 7 D 

5 0 . 320 0 . 6 3 0 1 . 9 7 E 

6 0 . 287 0 . 7 1 5 2 . 4 8 F 

7 0 . 2 6 2 0 . 785 3 . 0 0 G 

8 0 . 2 3 9 0 . 8 4 3 3 . 52 H 
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Preparat ion of LiMg<#3 in Diethyl Ether 

Phenyll i thium was prepared according to a modification of 

the procedure of S c h l o s s e r and Ladenburger ( 3 0 ) . Iodobenzene ( 2 5 . O g , 

0 . 1 5 m o l e s ) was diluted with 80 m l of benzene in a 300 m l Schlenk 

tube equipped with a teflon coated magnet ic s t irr ing bar and a d r o p 

ping funnel containing n-butyllithium ( 6 5 m l of a 1 .6 m o l a r solution 

in hexane , 0 . 10 m o l e s ) . The butyllithium was added dropwise over 

a one hour per iod , during which t ime a precipitate of phenyllithium 

was f o r m e d continuously. The sol id product was isolated on a fritted 

g l a s s f i l t er , washed with benzene , d isso lved in a m i n i m u m amount of 

diethyl ether and col lected into a round bottom f lask . The phenyl

l ithium w a s recrys ta l l i z ed once by cooling to - 7 8 ° C , withdrawing the 

supernatent liquid via s y r i n g e , and redisso lv ing the res idue in f re sh 

e ther . The final solution was shown by analys is to be 1 . 0 2 m o l a r in 

l i thium. The double titration method (31) indicated that the sample 

contained 96% carbon bound lithium and 4% lithium alkoxide. 

Diphenylmagnes ium (30 m l of a 0 . 3 3 2 m o l a r solution, 10 

m m o l e s ) was added to phenyllithium ( 9 . 8 0 m l of a 1 . 0 2 m o l a r solution, 

10 m m o l e s ) in a 200 m l Schlenk tube. The mixture was s t i rred for 

0 . 5 hours at r o o m temperature . The solvent was removed under r e 

duced p r e s s u r e and the result ing sol id dried under vacuum of 1 . 0 m m 

at 2 5 ° C for 2 h o u r s . The temperature was then ra i sed to 8 0 ° C for an 
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additional 2 h o u r s . p - X y l e n e (50 ml) was added and after s t irr ing for 

2 hours at 9 0 ° C the hot sample was f i l tered. The res idue was col 

lected in a round bottom flask and dried in vacuo . The fi ltrate was 

al lowed to cool and remained at room temperature for s e v e r a l h o u r s . 

N o crysta l l izat ion was o b s e r v e d , so the fi ltrate was placed in the r e 

f r igera tor at - 2 0 ° C for 48 hours . A crysta l l ine sol id was then iso lated 

f rom the mother l iquor. A sample which had been withdrawn for anal 

y s i s revea led that the fi ltrate was 0 . 1 0 m o l a r in both lithium and m a g 

nes ium immedia te ly after f i l tration. The r e c r y s t a l l i z e d LiMg(#3 gave 

the following ana lys i s . Anal: Calcd for LiMg(#3: L i , 2 .67%; M g , 9 . 2 6 % ; 

0, 8 8 . 0 7 % . Found: L i , 2 .20%; M g , 7 .81%; 0 (by d i f ference) , 8 9 . 9 9 % . 

The X - r a y diffraction pattern of the insoluble portion of the sol id was 

identical to that of the r e c r y s t a l l i z e d sol id m a t e r i a l s later obtained 

f r o m the re fr igerated s a m p l e , and noticeably different f r o m a powder 

pattern obtained for phenyll ithium. In addition, the LiMg(#3 w a s much 

l e s s sensi t ive to photo decomposi t ion than phenyllithium itself . 

Preparat ion of Alkal i M e t a l Hydride C o m p l e x e s of M a g n e s i u m Alky l s 

Attempted Preparat ion of L i H . ( C H 3 ) 2 M g in Diethyl Ether 

D imethy lmagnes ium ( 5 1 . 1 2 m l of a 0 . 6 6 m o l a r solution, 3 3 . 6 

m m o l e s ) was added to lithium hydride ( 0 . 267 g, 3 3 . 6 m m o l e s ) in a 

200 m l round bottom f lask and the mixture was s t i rred for 24 hours . 

A n a l y s i s of an aliquot of the supernatent indicated that no react ion had 
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taken place during this per iod . The mixture was then ref luxed for an 

additional 40 hours and after cooling taken into the dry box and f i l tered. 

A n a l y s i s of the fi ltrate revea led that all of the magnes ium w a s st i l l in 

solution, and that no lithium was present . The IB spectrum of the f i l 

trate was identical to that of the d imethy lmagnes ium in e ther . The 

res idue was shown by analys is to be lithium hydride . A n a l . Ca lcd for 

L iH: L i , 8 7 . 4 % ; H , 1 2 . 6 % . Found: L i , 8 7 . 0 % ; H , 1 2 . 6 % . No r e 

action occurred under the above conditions. 

At tempted Preparat ion of L i H « ( C H 3 ) 2 M g in Tetrahydrofuran 

Dimethy lmagnes ium ( 2 0 . 0 m l of a 0 . 9 3 m o l a r solution, 1 8 . 6 

m m o l e s ) w a s added to lithium hydride ( 0 . 6 6 2 9 g, 8 3 . 5 m m o l e s ) in a 

100 m l round bottom f lask . The mixture was s t i rred at reflux for 36 

h o u r s , al lowed to cool to r o o m temperature and f i l tered in the dry box. 

The f i ltrate w a s found to contain 18 m m o l e s of m a g n e s i u m and 1 . 2 

m m o l e s of l ithium ( L i : M g ra t io , 1:15) . Ana lys i s revea led that the 

res idue w a s mainly lithium hydride . A n a l . Ca lcd for LiH: L i , 8 7 . 4 % ; 

H , 1 2 . 6 % . Found: L i , 8 1 . 2 % . A trace of magnes ium w a s found in 

the re s idue . 

In a s i m i l a r experiment a mixture of d imethylmagnes ium and 

lithium hydride was s t i rred at 2 5 ° C for 7 days and then f i l tered. The 

fi ltrate again revea led a L i : M g ratio of 1:15. The amount of gas 

evolved on hydro lys i s indicated that the number of methyl groups in 
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the sample had d e c r e a s e d by 20%. Apparent ly , ether c leavage had 

re su l t ed , a poss ibi l i ty suggested e a r l i e r by Coates ( 1 8 ) . 

At tempted Preparat ion of L i H - G ^ M g in Tetrahydrofuran 

Diphenylmagnes ium ( 3 5 . 0 m l of a 0 . 9 1 5 m o l a r solut ion, 32 

m m o l e s ) w a s added to lithium hydride ( 0 . 6 4 6 g, 81 m m o l e s ) in a 200 

m l round bottom f lask along with an additional 35 m l of T H F . The 

sample w a s ref luxed for s evera l d a y s , al lowed to coo l , and f i l tered 

in the dry box. A n a l y s i s of the f i l trate revea led a L i : M g ratio of 0 . 6 1 : 

1 . 0 0 , with 80% of the m a g n e s i u m r e c o v e r e d in the f i l t rate . No h y d r o 

gen was evolved on hydro lys i s of the f i l trate , again indicating that 

ether c leavage had o c c u r r e d . 

At tempted Preparat ion of N a H ' G ^ M g in Diethyl Ether 

Diphenylmagnes ium (71 m l of a 0 . 5 2 m o l a r solution, 3 6 . 8 

m m o l e s ) w a s s t i rred with sodium hydride ( 0 . 8 8 3 g, 3 6 . 8 m m o l e s ) for 

5 days at 2 5 ° C . The react ion mixture was then f i l tered in the dry box . 

A n a l y s i s of the filtrate revea led a L i : M g ratio of 0 . 3 8 : 1 . 0 0 with 83% 

of the m a g n e s i u m r e c o v e r e d in the f i l trate . No hydrogen was evolved 

on hydro lys i s of the f i l trate , again indicative of ether c leavage by the 

complexed hydride s p e c i e s . 

Preparat ion of K H ' G ^ M g C o m p l e x e s in Diethyl Ether 

P o t a s s i u m hydride and diphenylmagnesium w e r e m i x e d in 

diethyl ether in s evera l s to ich iometr ies to give K : M g rat ios f rom 
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0 . 3 3 : 1 to 5 : 1 . In all case s an insoluble complex f o r m e d . 

In a typical react ion diphenylmagnesium (50 m l of a 0 . 8 m o l a r 

solution in diethyl e ther , 40 m m o l e s ) was added to potass ium hydride 

( 3 . 2 0 g, 80 m m o l e s ) in a 200 m l round bottom f lask , along with an 

additional 50 m l of diethyl ether . The mixture was s t i rred for 3 days 

and f i l tered in the dry box. A n a l y s i s of the f i l trate revea led that all 

of the m a g n e s i u m containing spec ies had prec ipi tated. ' r 

In one s i m i l a r react ion where the initial K : M g ratio was -1:3, 

only 66% of the magnes ium containing spec ies precipi tated, leaving 

the r e m a i n d e r of the diphenyl m a g n e s i u m in solution. In this case a 

1:2 complex KH*2(#2Mg was f o r m e d . The sol id re s idues w e r e ana

lyzed and gave the following r e s u l t s . (Benzene was determined by 

d i f ference) . A n a l . Ca lcd for KH-20 2 Mg: K , 9 .85%; M g , 1 2 . 2 5 % ; 

0, 7 7 . 6 5 % ; H , 0 . 2 5 . Found:** K , 10 .52%; M g , 11 .0%; 0, 78 .3%; 

H , 0 . 2 5 % . Found:*** K , 9 .90%; M g , 1 1 . 3 % ; 0, 78 .54%; H , 0 . 2 5 % . 

^The observat ion applies to all exper iments for which K : M g 
ratio is 0 . 5; 1 or g r e a t e r . 

"~*This sample was prepared by s t irr ing 3 equivalents of d i 
phenylmagnes ium with one equivalent of potass ium hydride . 

"^*This sample was prepared by s t irr ing 2 equivalents of d i 
phenylmagnes ium with one equivalent of potass ium hydride . A n a l y s i s 
indicated a K : M g : H ratio of 1 . 1 8 : 2 . 0 0 : 1 . 2 6 . The X - r a y diffraction 
pattern indicated occluded K H . If this is subtracted f r o m the analys i s 
the ratio i s 1 . 0 0 : 2 . 0 0 : 1 . 0 8 . 
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Ca lcd for KH-G* 2 Mg: K , 17 .94%; M g , 11 .10%; 0, 7 0 . 5 0 % ; H , 0 . 4 6 % . 

Found: K , 1 6 . 3 5 % ; M g , 10 .20%; 0, 73 .09%; H , 0 . 3 6 % . Ca lcd for 

2 K H - 0 2 M g : K , 3 0 . 4 0 % ; M g , 9 .40%; 0, 5 9 . 4 0 % ; H , 0 . 8 0 % . Found; 

K , 2 9 . 2 0 % ; M g , 9 .40%; 0, 6 0 . 6 0 % ; H , 0 . 7 2 % . Calcd for 5 K H - 0 2 M g : 

K , 5 1 . 6 0 % ; M g , 6 .42%; 0, 4 0 . 7 6 % ; H , 1 .32%. Found: K , 5 4 . 7 0 % ; 

M g , 6 .56%; 0, 38 .49%; H , 1 .25%. 

The X - r a y powder pattern for each of these sol ids is reported 

in T a b l e 1 0 . 

At tempted Preparat ion of N a H - ( n - C y H i s ^ M g in Hexane 

D i - n - h e p t y l m a g n e s i u m ( 7 7 . 8 m l of a 0 . 0 9 3 m o l a r solut ion, 

7 . 2 m m o l e s ) and sodium hydride ( 0 . 1 7 3 g, 7 . 2 m m o l e s ) w e r e m i x e d 

in a 100 m l round bottom flask and placed under a water cooled con

denser . The mixture was s t i rred for 18 hours at the temperature of 

refluxing so lvent , cooled and taken into the dry box . Fi l trat ion p r o 

duced a c l ear c o l o r l e s s solution and a gray so l id . A n a l y s i s revea led 

that the f i ltrate contained 7 . 0 m m o l e s (95%) of the magnes ium spec i e s 

and no sod ium. The res idue was shown by analys i s to be sodium hy

dr ide . A n a l . Ca lcd for NaH: N a , 9 5 . 8 % ; H , 4 . 2 % . Found: N a , 

9 4 . 5 % ; H , 3 . 9 % . No reaction took place under the above condit ions. 

Under s i m i l a r conditions potass ium hydride a l so fai led to 
react with ( n - C 7 H 5 ) 2 M g after 72 hours at reflux in hexane solvent . 
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Attempted Preparat ion of LiH* s - B i ^ M g in Benzene 

A mixture of d i - s - b u t y l m a g n e s i u m ( 3 0 . 0 m l of a 0 . 5 8 m o l a r 

solution, 1 7 . 4 m m o l e s ) and lithium hydride (5 m l of a pentane s l u r r y , 

9 . 5 m m o l e s ) was s t i rred at r o o m temperature in a 100 m l round 

bottom f lask equipped with a teflon coated st irring bar and a three -

way stopcock for additions via s y r i n g e . " After 3 d a y s , s t irring was 

ceased and since the sol id did not settle very rapidly , an aliquot of 

the mix ture was centrifuged. Ana lys i s of a portion of the supernatent 

l iquid indicated that no react ion had o c c u r r e d . A l l of the m a g n e s i u m 

was sti l l in solution and no lithium hydride had d i s so lved . The r e 

action mixture was then heated to 4 0 ° C for an additional 2 d a y s , 

cooled and treated as b e f o r e . A n a l y s i s again revea led that no reaction 

had taken p lace . In addition, the n m r spectrum did not show any per 

turbation of the signal at 9 . 8 T attributed to the a H of the butyl group. 

Th i s s ignal is invariably shifted upfield when complexat ion o c c u r s . 

Preparat ion of Sodium b i s - D i - s - b u t y l m a g n e s i u m Hydride in Benzene 

D i - s - b u t y l m a g n e s i u m (101 m l of a 0 . 4 9 6 m o l a r solution, in 

benzene , 50 m m o l e s ) was added to sodium hydride ( 0 . 6 5 5 9 g, 2 7 . 4 

m m o l e s ) in a 200 m l round bottom f lask , equipped with a three-way 

' The lithium hydride used in this reaction was e x t r e m e l y r e 
active and ignited readi ly when exposed to the a t m o s p h e r e . Two c o m 
m e r c i a l s a m p l e s of l ithium hydride a l so did not react with d i - s - b u t y l 
m a g n e s i u m in benzene . 
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stopcock for addition via syringe and a teflon coated s t irr ing b a r . 

The mixture was s t i rred for two days under nitrogen, f i l t ered , and 

an aliquot taken for ana lys i s . Anal: Ca lcd for N a H - 2 s - B u 2 M g : 

N a : M g : B u : H = 1 . 0 : 2 . 0 : 4 . 0 : 1 . 0 . Found: 0 . 9 0 : 2 . 0 : 3 . 9 6 : 0 . 6 5 . The 

n m r spectrum and the IR spectrum of the solution w e r e significantly 

different f rom those of d i - s - b u t y l m a g n e s i u m and w e r e indicative of 

complex format ion . 

In a s i m i l a r exper iment , an equivalent amount of sodium 

hydride and d i - s - b u t y l m a g n e s i u m w e r e combined under the above con

dit ions. Once the ratio of Na:Mg in solution reached 0 . 4 5 : 1 . 0 no 

further uptake of sodium was observed even after severa l days . T h u s , 

this complex represents the l imiting s to ichiometry for this s y s t e m . 

Preparat ion of Po tas s ium D i - s - B u t y l h y d r i d o m a g n e s i u m in Benzene 

P o t a s s i u m hydride ( 1 . 1 3 8 g, 2 8 . 4 m m o l e s ) was placed in a 

200 m l round bottom flask equipped with a three -way stopcock for 

additions via syringe against a counterflow of nitrogen and a teflon 

coated magnet ic st irring b a r . The hydride was s lurr ied with 50 m l 

of f resh ly dist i l led benzene . D i - s - b u t y l m a g n e s i u m ( 9 5 m l of a 0 . 30 

m o l a r solut ion, 2 8 . 4 m m o l e s ) was added via syringe with rapid 

s t i rr ing . After twenty hours the mixture w a s f i l tered to give a s traw-

co lored fi ltrate and a darker res idue ( ^ 1 0 0 m g ) . An aliquot of the 

solution w a s taken for analys i s and gave the following r e s u l t s . Anal: 
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Calcd for K H - s -Bu^Mg: K : M g : B u : H = 1. 0 0 : 1 . 0 0 : 2 . 0 0 : 1 . 0 0 . Found: 

K : M g : B u : H = 1 . 0 : 1 . 0 : 1 . 9 : 0 . 9 5 . The y ie ld w a s > 9 0 % . 

The n m r spectrum was marked ly different f r o m that of d i - s -

buty lmagnes ium in benzene . A l s o , the IR spectrum of the fi ltrate was 

indicative of complex format ion . C r y o s c o p i c m o l e c u l a r weight m e a s 

urement s indicated a m o n o m e r - d i m e r equi l ibrium over a concentra

tion range 0 . 0 6 - 0 . 1 6 m o l a l . 

Success fu l synthesis was carr ied out a l so in b e n z e n e - c y c l o -

hexane m i x t u r e s . The KH - s - B ^ M g complex was insoluble in pure 

a lkanes , h o w e v e r , and attempted synthesis in cyclohexane itself 

proved unsat i s factory . 

Preparat ion of P o t a s s i u m Di -n-buty lhydr idomagnes ium 

P o t a s s i u m hydride ( 2 . 51 g, 6 2 . 6 m m o l e s ) and d i - n - b u t y l m a g -

nes ium ( 8 . 6 4 g, 6 2 . 5 m m o l e s ) w e r e combined in a 500 m l round bottom 

f lask and covered with 300 m l of f resh ly dist i l led cyc lohexane. Af ter 

s t irr ing for 44 hours at r o o m t e m p e r a t u r e , the resulting gray-whi te 

s l u r r y was al lowed to set t le . An aliquot of the supernatent liquid was 

taken for ana lys i s . The solution was found to be 0 . 0 2 7 m o l a r in m a g 

nes ium and 0 . 0 1 3 4 m o l a r in po tas s ium, K : M g = 0 . 5 : 1 . 0 . The s lurry 

w a s f i l tered in the dry box to r e m o v e the so lvent , and the res idue w a s 

put into another 500 m l f lask and covered with 300 m l of benzene . 
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The benzene s lurry was s t i rred at 8 0 ° C for 3 d a y s , al lowed 

to coo l , and f i l tered in the dry box. The fi ltrate was shown by anal 

y s i s to be 0 . 1 1 m o l a r in both potass ium and m a g n e s i u m . Enough of 

the solvent was r e m o v e d f rom a portion of the f i ltrate at reduced p r e s 

sure to give a solution 0 . 6 8 m o l a r in complex . Ana lys i s of an aliquot 

of this solution revea led a K : M g : H ratio of 0 . 9 8 : 1 . 0 : 0 . 8 5 . When c o m 

plete solvent r e m o v a l was effected a white sol id resul ted . Thi s sol id 

(which was not analyzed),when heated in a melt ing point cap i l lary , 

began to decompose at 1 1 5 ° C . D i -n -buty lmagnes ium itself is stable 

at 1150C ( 7 ) . 

An X - r a y powder diffraction pattern showed only very faint 

l ines attributable to potass ium hydride . This indicated that the c o m 

plex itself is amorphous . 

The remainder of the fi ltrate was concentrated by solvent r e 

m o v a l at reduced p r e s s u r e until the solution was 0 . 378 m o l a r in c o m 

plex . Both the n m r spectrum and the IR spectrum of this solution w e r e 

consistent with complex format ion . 

The X - r a y diffraction pattern of the res idue obtained f r o m 

fi ltration of the benzene solution was a l so quite interest ing. The 

strong l ines attributable to KH at 3 . 24 K, 2 . 0 0 K and 1 . 7 1 K w e r e 

o o o 
c l ear ly absent , while broad l ines at 2 . 8 3 A , 2 . 0 7 A and 1 . 6 5 A which 

can be attributed to K M g H 3 w e r e present . T h u s , s o m e pyro lys i s of 
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the n-butyl groups in the complex had occurred while the mixture w a s 

s t irr ing at 8 0 ° C in benzene . 

In a s i m i l a r exper iment , 2 8 . 8 m m o l e s of potass ium hydride 

and 3 1 . 0 m m o l e s of d i -n -buty lmagnes ium were combined in a 250 m l 

round bottom flask and covered with 190 m l of f resh ly dist i l led benzene . 

The mixture was s t i rred for 48 hours at 4 0 ° C , cooled and f i l tered in 

the dry box . Ana lys i s of an aliquot of the fi ltrate revea led a K : M g 

ratio of 0 . 9 7 : 1 . 0 . The fi ltrate was 0 . 1 1 m o l a r in c o m p l e x , and a 70% 

yie ld was obtained. T h u s , this complex f o r m s under re lat ive ly m i l d 

condit ions, making unnecessary the use of refluxing benzene in order 

to obtain react ion . 

C r y o s c o p i c m o l e c u l a r weight m e a s u r e m e n t s indicated a di-

m e r i c spec ies in benzene over a concentration range 0 . 0 8 - 0 . 3 2 m o l a l . 

The data are shown in F igure 1 1 . 

Attempted Preparat ion of Po tas s ium Di - s -buty ld ihydr idomagnes ium 

Potas s ium hydride ( 1 . 1 9 3 g, 2 9 . 8 m m o l e s ) w a s placed in a 

2 50 m l round bottom f lask and s lurr ied with 50 m l of benzene in the 

m a n n e r descr ibed for the preparation of K M g ( s - B u ^ H . T o this w a s 

added potass ium d i - s -buty lhydr idomagnes ium ( 9 9 . 5 m l of a 0 . 306 

m o l a r solution, 3 0 . 4 m m o l e s ) . The mixture was s t i rred for 18 hours 

and then f i l tered in the dry box. A light s t r a w - c o l o r e d solution and a 

tan sol id w e r e separated . Ana lys i s of the fi ltrate revea led that nearly 
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quantitative precipitation of the magnes ium containing spec ies had 

o c c u r r e d . Ana lys i s of the sol id gave the following r e s u l t s . Anal: 

Ca lcd for K 2 M g ( s - B u ) 2 H 2 : K , 3 6 . 7 5 % ; M g , 11 .10%; B u , 52 .20%; 

H , 0 . 9 5 % . K : M g : B u : H = 2 . 0 : 1 . 0 : 2 . 0 : 2 . 0 . Found; M g , 10 .2%; B u , 

1 6 . 2 0 % ; H , 0 . 8 9 % . M g : B u : H = 1 . 0 : 0 . 6 7 : 2 . 1 . 

The IR spectrum of this sol id was consistent with the analyt

ical data. The strong C - M g stretching band at 521 c m " * , attributable 

to buty l -magnes ium stretching, was s evere ly diminished in the sup

posed 2;1 c o m p l e x . In addition, when the solid was dumped onto a dry 

i c e - e t h e r s l u r r y under nitrogen, and the result ing mixture acidif ied, 

appreciable quantities of benzoic acid w e r e produced along with 2 -

methy l -butyr ic acid. T h u s , metal lat ion of the benzene solvent had 

o c c u r r e d to a significant extent,-* 66% butyl-phenyl exchange. S imi lar 

resu l t s w e r e obtained when two equivalents of K H w e r e s t i rred with 

one equivalent of ( s - C 4 H 9 ) 2 M g , under s i m i l a r react ion condit ions. 

Preparat ion of Complex M e t a l Hydrides 

Preparat ion of L iMgHg 

Lithium t r i - s - b u t y l m a g n e s i u m was prepared in a benzene-

cyclohexane mixture in a manner descr ibed e l sewhere in this thes i s . 

The solution was 0 . 4 6 m o l a r in complex and analys is indicated a Li : 

M g ratio of 1 . 0 : 0 . 9 6 . An aliquot of the solution was hydrogenated at 

a p r e s s u r e of 4 0 0 0 psig at 2 5 ° C for 4 hours . A gray sol id was isolated 
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f rom the react ion mixture as wel l as a c lear c o l o r l e s s f i l trate . A n a l 

y s i s revea led that quantitative precipitation had o c c u r r e d . The sol id 

had a L i : M g : H ratio of 0 . 9 5 : 1 . 0 : 2 . 8 0 . 

The X - r a y diffraction pattern of this sol id showed l ines attrib

utable to LiH and M g H 2 as wel l as one unknown l ine , all of which w e r e 

broad and diffuse indicating s m a l l part ic le s i z e . T h e r m a l analys i s of 

the hydrogenation product revea led a strong endotherm at 3 1 0 ° C a c c o m 

panied by the l o s s of hydrogen (90% of calculated) . A weak endotherm 

o c c u r r e d at 4 8 0 ° C accompanied by l o s s of hydrogen (10% of calculated) . 

The 4 8 0 ° C endotherm is as s igned to the decomposi t ion of L iH by c o m 

par ison to the t h e r m o g r a m of an authentic sample of L i H . The endo

therm at 3 1 0 ° C m a y then be attributed to s imultaneous decomposi t ion 

of M g H o and s o m e L i M g H 3 . Thi s interpretation would indicate a m i x 

ture of 33% LiH and M g H 2 and 67% L i M g H 3 . 

Preparat ion of N a M g 2 H 5 and N a M g H 3 

Sodium bis d i - s - b u t y l m a g n e s i u m hydride was prepared in 

benzene to give a solution 0 . 3 m o l a r in complex . A n a l y s i s indicated 

a N a : M g : B u : H ratio of 0 . 92: 2 . 0 :3 . 9 2 : 0 . 6 5 . Hydrogeno lys i s of a por

tion of this solution ( 9 0 ml ) under 1500 psig hydrogen p r e s s u r e at 2 5 ° C 

for 4 hours resul ted in a light yel low sol id which reacted violently 

when exposed to the a t m o s p h e r e . A n a l y s i s revea led a N a : M g : H ratio 

of 0 . 9 0 : 2 . 0 0 : 4 . 0 0 . No butane was produced on h y d r o l y s i s , and the 
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l o w h y d r o g e n a n a l y s i s i s u n e x p l a i n e d . T h e X - r a y d i f f r a c t i o n p a t t e r n 

o 

r e v e a l e d o n l y t w o v e r y b r o a d l i n e s c e n t e r e d at d s p a c i n g s o f 2 . 7 A and 

4 . 9 R. T h e IR s p e c t r u m g a v e c o n t i n u o u s b r o a d a b s o r p t i o n t h r o u g h o u t 

the M g - H s t r e t c h i n g and d e f o r m a t i o n r e g i o n . D T A - T G A a n a l y s i s r e 

v e a l e d an e x o t h e r m at 1 1 5 ° C and t h r e e e n d o t h e r m s at ^ 3 0 0 ° C , 3 2 0 ° C 

and 3 4 0 ° C . T h e e x o t h e r m at 1 1 5 ° C i s a t t r i b u t e d to the d i s s o c i a t i o n o f 

NaMg2Hcj to N a M g H 3 and M g H 2 . T h e e n d o t h e r m s a r e h a r d e r to 

a s s i g n , but m u s t in pa r t b e due to the d i s s o c i a t i o n o f N a M g H 3 to NaTT 

and MgH2 and the d e c o m p o s i t i o n o f t h e s e s p e c i e s . W h e n a s a m p l e w a s 

h e a t e d to 1 5 0 ° C and a l l o w e d to c o o l , the p o w d e r pa t t e rn c l e a r l y s h o w e d 

l i n e s a t t r i b u t a b l e to MgH2 and N a M g H 3 , the l a t t e r b e i n g q u i t e s i m i l a r 

to N a M g F 3 ( 3 1 ) . 

A m i x t u r e o f N a M g H 3 and M g H 2 w a s a l s o p r e p a r e d b y p y r o l -

y s i s o f the c o m p l e x N a H « 2 s - B u 2 M g in m i n e r a l o i l at 1 0 5 ° C u n d e r 

v a c u u m f o r 2 h o u r s . T h e p o w d e r p a t t e r n w a s i d e n t i c a l to that o f the 

h y d r o g e n o l y s i s s a m p l e w h i c h h a d b e e n h e a t e d t o 1 5 0 ° C . A n a l y s i s i n 

d i c a t e d a N a : M g : H r a t i o o f 0 . 8 8 : 1 . 0 : 4 . 5 2 . A g a i n , n o bu tane w a s 

e v o l v e d o n h y d r o l y s i s . 

P r e p a r a t i o n o f K M g H 3 

P o t a s s i u m d i - s - b u t y l h y d r i d o m a g n e s i u m w a s p r e p a r e d in b e n 

z e n e to g i v e a s o l u t i o n 0 . 5 m o l a r in c o m p l e x , ( K : M g : B u t y l ; H = 1 . 0 : 

1 . 0 : 1 . 9 : 0 . 9 5 ) . H y d r o g e n o l y s i s o f a p o r t i o n of this s o l u t i o n ( 1 0 0 m l ) 
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under 3000 psig hydrogen p r e s s u r e at 2 5 ° C for 4 hours resu l ted in 

quantitative precipitation of a yel low sol id which reacted violently when 

exposed to the a t m o s p h e r e . Ana lys i s gave a K : M g : H ratio of 1 . 0 : 1 . 0 : 

3 . 0 . Anal: Ca lcd for K M g H 3 : K , 58 .7%; M g , 36 .8%; H , 4 . 5 2 % . 

Found: K , 58 .9%; M g , 36 .2%; H , 4 . 5 6 % . No butane was produced on 

hydro lys i s indicating complete reduction and format ion of a K H : M g H 2 

s p e c i e s . X - r a y powder analys is revea led a unique diffraction pattern 

in which the s trongest line for KH (at 3 .30 K) and strongest l ines for 

M g H 2 (at 3. 19 , 2 . 4 9 5 , 1. 67 and 1. 59 A ) are c lear ly absent . The IR 

spectrum of K M g H g in Nujol exhibited two broad absorpt ions centered 

at 1150 and 680 c m " ^ a slight shift f rom the absorpt ions of M g H 2 at 

1160 and 650 c m " * . In addition, D T A - T G A analys i s revea led a weak 

broad exotherm at «w300°C which m a y indicate disproportionation to 

K H and M g H 2 fol lowed by endothermic effects at 3 2 0 ° C and 4 2 0 ° C due 

to decomposi t ion of K H and M g H 2 r e spec t ive ly . 

K M g H 3 was a lso prepared by the pyro lys i s of K M g ( s - B u ) 2 H 

in m i n e r a l oi l at 8 0 ° C under vacuum. The powder diffraction pattern 

w a s identical to that of the sample prepared via hydrogenation. The 

individual l ines w e r e s h a r p e r , h o w e v e r , indicative of l a r g e r part ic le 

s ize in the product . 

At tempted Preparat ion of D i - p o t a s s i u m Tetrahydr idomagnes ium 

The sol id res idue f r o m the reaction of two m o l a r equivalents 

of potass ium hydride with one equivalent of d i - s - b u t y l m a g n e s i u m was 



47 

ground to a powder and t rans ferred to an autoclave along with 150 m l 

of dry benzene . The autoclave was placed under a hydrogen p r e s s u r e 

of 4 0 0 0 psig at 2 5 ° C and after 10 minutes the p r e s s u r e had dropped to 

600 ps ig . The p r e s s u r e was again set at 4 0 0 0 ps ig . After a period of 

4 hours the result ing yel low green solid was i so lated via fi ltration of 

the reaction mix ture . 

The infrared spectrum of this so l id , obtained in Nujo l , indi

cated that complete reduction had o c c u r r e d . A. powder diffraction pat

tern revea led only l ines due to K H and K M g H 3 . 
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C H A P T E R III 

R E S U L T S A N D DISCUSSION 

B e f o r e beginning any d iscuss ion regarding the synthes is of 

organometa l l i c compounds s o m e mention should be made as to the 

nature of these reagents . In the course of this investigation extensive 

use w a s made of dialkyl and diaryl magnes ium compounds as we l l as 

alkali m e t a l a lky l s . A l l of these types of compounds are e x t r e m e l y 

sensit ive to oxygen and m o i s t u r e , producing either m e t a l alkoxides as 

is the case with oxygen or meta l hydroxides with water . 

M g R 2 ^ ^ R O M g R — H 2 ° , ROH + RH + M g ( O H ) 2 (11) 

M g R 2 + H 2 0 - 2RH + M g ( O H ) 2 (12) 

A l k y l m a g n e s i u m alkoxides are often soluble in solutions of the d ia lkyl -

m a g n e s i u m reagent and once f.ormed are difficult if not i m p o s s i b l e to 

r e m o v e . Organo alkali m e t a l compounds are subject to the s a m e 

types of react ions shown by m a g n e s i u m a lky l s . O r g a n o m e r c u r y and 

organolead compounds , h o w e v e r , are not nearly as sensit ive to oxygen 

and water but are quite toxic . They have appreciable vapor p r e s s u r e 

at r o o m temperature and therefore must a l so be handled with care and 

in a c losed s y s t e m . 



49 

Preparat ion of M a g n e s i u m Alky l s 

The dioxane precipitation method (eq . 1) in which dioxane is 

added to a Gr ignard reagent in diethyl ether is wel l documented in the 

l i terature and is s traightforward ( 3 ) . Prec ipi tat ion of the m a g n e s i u m 

halide is e ssent ia l ly quantitative when a 5 - 10% e x c e s s of dioxane is 

used . The principle l imitat ion of this method is that s o m e dioxane 

b e c o m e s complexed to the result ing d ia lkylmagnes ium compound and 

i s difficult to r e m o v e , even when the sol id etherate (dioxanate) is 

p laced under vacuum and heated in order to effect desolvation ( 7 ) . 

F u r t h e r m o r e , in the case of branched chain a lky l s , e l imination to 

give m a g n e s i u m hydride wi l l readi ly occur at t emperatures c lose to 

those required for desolvat ion. When the final product , the unsolvated 

m a g n e s i u m alkyl , must be put into another solvent for ebul l ioscopic 

m o l e c u l a r weight determinat ion, the res idual t races of previous s o l 

vents then constitute an intolerable impuri ty which , due to its vo la 

t i l i ty, would invalidate ebul l ioscopic assoc iat ion s tudies . Th i s factor 

a l so b e c o m e s quite cr i t ica l if d ia lky lmagnes ium compounds of unusual 

purity are needed for kinetic s tudies . 

The preparation of d ia lky lmagnes ium compounds recent ly 

reported by Eas tham and K a m i e n s k i (4) involving the use of organo-

lithium reagents in an ether /hydrocarbon solution ( eq . 2) would be 

sat i s factory for m o s t c a s e s where the alkyl chain is of sufficient 
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length to insure solubil i ty. The authors reported that the addition of 

hydrocarbon and r e m o v a l of e ther , both in a continuous m a n n e r , to 

the l ithium ha l ide - f ree d ia lky lmagnes ium resul ted in the r e m o v a l of 

all but 0 . 0 1 % of the dimethyl e ther . In addition the yie lds w e r e e s s e n 

tial ly quantitative. 

Thus the r e m o v a l of solvated ethers f rom R 2 M g compounds 

has a lways been a little tedious. The solution to this prob lem would 

be to prepare these reagents in such a manner that no ether was ever 

present . Exist ing report s in the l i terature d i scuss the preparat ion of 

R 2 M g compounds f r o m R 2 H g compounds ( e q . 3 ) , usually in ether s o l 

vent. Initial reports involved a sea led tube react ion at a temperature 

of 1 3 0 ° C for the react ion of d ie thy lmercury with m a g n e s i u m using no 

solvent ( 5 ) . G i lman reported that no react ion took place at 1 3 0 ° C un

l e s s a trace of m e r c u r i c chloride was added. In an attempt to promote 

react ion at 150OC using no catalyst the sealed tube exploded. Not only 

are sea led tube react ions inconvenient in m o s t c a s e s , but the product 

obtained f r o m this procedure usually contains ether insoluble m a t e r i a l 

which probably is R M g H or M g H 2 produced by olefin e l iminat ion at 

such high t e m p e r a t u r e s . 

In this investigation it was found that sea led tubes are not 

n e c e s s a r y and that success fu l react ion can be obtained by mixing the 

reagents in a f lask using no catalyst . A mixture of d i m e t h y l m e r c u r y 
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and e x c e s s magnes ium was found to react spontaneously at r o o m t e m 

perature after a short induction period ( 1 5 minutes ) . The temperature 

of the react ion rose to about 6 0 ° C in two hours and produced d imethy l 

m a g n e s i u m in essent ia l ly 100% yie ld . The product w a s i so lated by ex

tracting the react ion mixture with the solvent of cho ice , leaving behind 

the insoluble m e r c u r y and e x c e s s m a g n e s i u m m e t a l . D ie thy lmercury 

behaved s i m i l a r l y at react ion t emperatures of 60 - 9 0 ° C . Diphenyl-

m e r c u r y and magnes ium had to be heated to 1 5 0 ° C ; h o w e v e r , diphenyl

m a g n e s i u m was produced in high y ie ld . T r a c e s of unreacted dia lkyl -

m e r c u r y can be r e m o v e d under vacuum prior to effecting solution (d i -

pheny lmercury can be subl imed f r o m the react ion m i x t u r e ) . Th i s 

modif ication produced u l t ra -pure solutions of magnes ium alkyls in 

high y ie ld under much m i l d e r conditions than had been prev ious ly r e 

ported . A n a l y s i s of the solutions for m e r c u r y w e r e negative for all 

of the above preparat ions . 

Since m e r c u r y alkyls w e r e found to react so readi ly with m a g 

nes ium m e t a l , it was felt that lead alkyls might react just as we l l . 

Cons ider ing that te tramethyl - and tetraethyl lead are available for 

about $ . 6 0 / l b compared to $ 3 5 0 / l b for the corresponding m e r c u r y 

a lky l s , such a preparation would be of obvious m e r i t . The bulk of 

this experimentat ion was carr ied out using tetraethyl lead. In s o m e 

c a s e s neat tetraethyllead was used and in others solvents such as 
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e ther , hexane and toluene were e m p l o y e d . A luminum chlor ide , b i s 

muth ch lor ide , tr iethylbismuth, d imethy lmagnes ium, d ie thy lmercury 

and m e r c u r y were used as catalysts in a number of reac t ions . T e m 

peratures ranging from 25 - 1 0 0 ° C w e r e invest igated. Puri f ied te tra-

ethyllead d e c o m p o s e d readi ly in light to give lead deposits and r e a c 

tions w e r e c a r r i e d out both in sunlight and in the dark. In s o m e 

attempts high speed st irring was used to insure f re sh surface on the 

m a g n e s i u m for react ion s i t e s . In no case did reaction take place to 

produce the des i red d ia lky lmagnes ium product . 

The preparat ion reported by Eas tham and K a m i e n s k i (6) in

volving the use of m a g n e s i u m chloride ( e q . 4 ) w a s found to be the best 

method of preparat ion of unsolvated branched chain d ia lkylmagnes ium 

compounds , ( e . g . , d i - s - b u t y l m a g n e s i u m ) , that are soluble in h y d r o 

carbon so lvents . Since l e s s than 0 . 5 m o l e percent ether was present 

during the exchange , there was no need to later subject the product to 

higher t emperatures at which cracking can o c c u r . The react ion was 

carr i ed out at 4 0 ° C , a temperature at which d i - s - b u t y l m a g n e s i u m is 

quite s tab le . An added advantage of this route over the R 2 H g exchange 

route i s that toxicity p r o b l e m s are avoided. 

In the course of this investigation d i - s - b u t y l m a g n e s i u m was 

used ex tens ive ly , and s o m e interesting observat ions w e r e m a d e con

cerning the nature of the m a g n e s i u m chloride used in the exchange . 
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K a m i e n s k i (29) was wel l aware that the source of M g C l 2 was cr i t ical 

and influenced the yie ld to a great extent. He found that c o m m e r c i a l l y 

avai lable "anhydrous" m a g n e s i u m chloride gave poor resu l t s and it 

was n e c e s s a r y to activate the halide pr ior to u s e . One method of act i 

vation cons is ted of s t irr ing the M g C l 2 with diethyl ether overnight and 

then removing the ether by codisti l iation with benzene . W h e n the s-

butyllithium was added to the benzene s lurry d i - s - b u t y l m a g n e s i u m was 

produced in 61% yie ld . Another method consisted of ba l l -mi l l ing the 

M g C l 2 pr ior to u s e , but the yie ld in the subsequent exchange react ion 

was only 21%. W h e n the M g C l 2 was treated with a lcoho l , and the 

alcohol la ter r e m o v e d as a toluene azeotrope ( 9 7 . 5 % effective) the 

yie ld was 76%. When M g C ^ ^ ^ O was s t i rred with i s o a m y l a lcohol , 

f irst a w a t e r - a l c o h o l mixture was r e m o v e d and then the remaining 

alcohol w a s r e m o v e d as an azeotrope with tetralin. D i - s - b u t y l m a g 

nes ium w a s produced in 77% yie ld using this source of m a g n e s i u m 

chlor ide . 

In contrast , when the m a g n e s i u m chloride was prepared under 

inert a tmosphere condit ions, e ither as a by-product f rom the d i s p r o -

portionation of a Gr ignard reagent or via the reaction of a Gr ignard 

reagent with either chlorine or benzyl ch lor ide , the corresponding 

yie lds w e r e quite high on the order of 80 - 95%. The explanation given 

for the widely differing resul t s was that a salt with a part icular crys ta l 
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s tructure is the mos t important factor in react ivi ty toward the ex 

change. 

In the present study m a r k e d dif ferences in the react ivity of 

var ious s a m p l e s of magnes ium chloride toward exchange were a l so 

noted. It appeared , however , that the observed di f ferences w e r e d e 

pendent on the quality of the magnes ium used to prepare m a g n e s i u m 

chloride rather than attributable to di f ferences in crys ta l s tructure of 

the m a g n e s i u m chloride itself . 

A G r i g n a r d reagent was prepared f rom three different s o u r c e s 

of m a g n e s i u m , Dow triply subl imed and two different lots of F i s h e r 

Gr ignard grade turnings , lots # 7 3 4 6 2 5 and 7 5 0 4 0 4 . Once the Gr ignard 

reagents w e r e in hand, each was used in subsequent react ions with 

hydrogen chloride and benzyl ch lor ide . 

^ ^ C l ^ M g C l 2 (13) 

i - C 3 H 7 C l + M g i - C 3 H 7 M g C l 

^ ^ ^ ^ M g C l 2 (14) 

A l l of the result ing s a m p l e s of m a g n e s i u m chloride were handled in the 

s a m e m a n n e r , and desolvated by codisti l lation with benzene . In the 

subsequent exchange react ion with s -butyl l i th ium, exchange of 75% of 

the avai lable halide was attempted by adding aliquots of the lithium r e 

agent to the m a g n e s i u m chlor ide-benzene s lurry at 4 0 ° C . 
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W h e n Dow triply subl imed magnes ium was e m p l o y e d , the e x 

change react ion was quite slow and did not proceed to complet ion even 

when only 33% exchange was attempted. Apprec iab le quantities of s -

butyllithium w e r e found in solution even after the mixture had s t i rred 

for 48 hours at 4 0 ° C . Comple te exchange could be effected only by 

swamping the reaction mixture with f re sh magnes ium chlor ide . When 

the m a g n e s i u m chloride w a s prepared using Gr ignard grade turnings , 

lot # 7 5 0 4 0 4 , the resu l t s w e r e quite s i m i l a r . In contrast , when the 

initial source of magnes ium was lot # 7 3 4 6 2 5 , the required 75% exchange 

o c c u r r e d readi ly . No lithium was found in solution 6 hours after the 

last aliquot of s-butyl l i thium had been added. Identical resu l t s w e r e 

obtained r e g a r d l e s s of whether the magnes ium chloride was prepared 

via the hydrogen chloride or benzyl chloride route . 

T h e s e resu l t s suggest that perhaps s o m e transition meta l i m 

purity in the m a g n e s i u m m a y inhibit or enhance the exchange rate when 

these two reagents are m i x e d . In a recent paper , Ashby e_t al (32) have 

pointed out significant di f ferences in the amount of benzopinicol f o r m e d 

as a by-product in the react ion of methy lmagnes ium b r o m i d e with ben-

zophenone under p s e u d o - f i r s t - o r d e r condit ions, when different s o u r c e s 

of m a g n e s i u m w e r e used to make up the Gr ignard solution. They a l so 

attributed these variat ions to transition m e t a l impuri t ies in the m a g 

nes ium. 
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In an attempt to l earn the reason for the difference in r e a c 

tivity of the var ious types of magnes ium chlor ide , s a m p l e s of each 

source of magnes ium w e r e examined by e m i s s i o n spec troscopy . The 

resu l t s which are given in Table 4 are m o r e qualitative than quanti

tative. Whi l e relat ive amounts of each impurity are accurate ly de

scr ibed in a given co lumn, absolute concentrations are accurate only 

to 50%. Surpris ingly little difference in transition m e t a l impurity 

between triply subl imed magnes ium and Gr ignard grade turnings was 

found. H o w e v e r , the conclusion of this study was that s o m e transition 

m e t a l , not n e c e s s a r i l y one reported in the table , must act as a cata

lyst in the final exchange react ion. 

Table 4 

Trans i t ion Meta l Impuri t ies Present in Different M a g n e s i u m 

Samples as Determined by E m i s s i o n Spectroscopy 3 -

M e t a l Impurity Source of Magnes ium 

Dow Lot # 7 3 4 6 2 5 Lot # 7 5 0 4 0 4 

Cu 20 25 30 
Ag 10 

CO 12 
F e 700 500 1200 
A l 60 65 120 
V a 180 125 240 
M n 65 240 
Si 350 310 4 8 0 

Concentrat ions are given in ppm. 
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A s a result of this study it. is now poss ib le to choose the best 

method in order to prepare dialkyl and d iary lmagnes ium compounds in 

high y ie ld and high purity for use in subsequent invest igat ions . 

Preparat ion of Alkal i M e t a l Alkyl C o m p l e x e s of M a g n e s i u m A l k y l s 

It i s we l l es tabl ished that dimethyl and diethylmagnesium are 

p o l y m e r i c in the sol id state ( 9 , 33) and the s tructures of both of these 

compounds have been elucidated by X - r a y ana lys i s . In d imethy lmag

nesium the m e t a l a toms are connected by pa irs of methyl bridge bonds 

with a lmos t tetrahedral arrangement of the methyl groups around each 

magnes ium atom. In genera l as the length of the carbon chain in

c r e a s e s , or as branching o c c u r s these bridge bonds are weakened and 

the e lectron deficient p o l y m e r i c chains are m o r e eas i ly broken. This 

effect is ref lected in the solubil i t ies of s e v e r a l m a g n e s i u m alkyls in 

hydrocarbon as shown in Table 5 ( 7 ) . A m a j o r break in the s e r i e s 

o c c u r s when R = s -buty l . In this case not only are the alkyl bridge 

bonds weak , but because of s ter ic interaction there is little tendency 

to f o r m p o l y m e r i c chains . This compound does not assoc ia te beyond 

a d i m e r and is actually a l iquid. 

A m o r e bas ic solvent can a lso attack and disrupt the poly

m e r i c chains . D i m e t h y l m a g n e s i u m , although insoluble in hydrocarbon 

is soluble in ether so lvents . The composi t ion in solution cons is ts 

main ly of solvated m o n o m e r i c s p e c i e s . In like m a n n e r , other bas ic 
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m o l e c u l e s can attack the p o l y m e r i c d ia lkylmagnes ium reagent and 

f o r m stable soluble c o m p l e x e s . E x a m p l e s of this are noted when 

alkyll ithium reagents are m i x e d with d ia lkylmagnes ium compounds in 

hydrocarbon solvent . The principal requirement for solubility is that 

the carbon chain must be long enough to insure solubil ity of the r e s u l 

ting c o m p l e x . 

Table 5 

Solubility of Magnes ium Alky l s in Benzene and Heptane in g /1 

M g R 2 

Solvent 

M g R 2 
Benzene Heptane 

M g ( C 2 H 5 ) 2 1 . 3 0 . 1 

M g ( n - C 3 H 7 ) 2 1 . 3 0 . 3 5 

M g ( i ~ C 3 H 7 ) 2 
2 . 7 0 . 3 7 

M g ( n - C 4 H 9 ) 2 
3 . 3 0 . 42 

M g ( s - C 4 H 9 ) 2 M i s c i b l e in all proport ions (6) 

Until recent ly , the only complex of this type known containing 

a m a g n e s i u m atom was L i M g O g , which had been prepared in diethyl 

ether ( 1 5 ) . It was observed ear ly in this study that when a hexane 

solution of n-butyll ithium was s t i rred with d i -n -buty lmagnes ium the 

insoluble m a g n e s i u m compound d i s so lved . Since so little was known 

about the nature of the complexes f o r m e d , a sys temat ic study was 
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undertaken to learn m o r e about the composit ion of these so lu

tions . 

One of the principal diagnostic tools used in this study was 

infrared spec troscopy . The region of the spectrum uti l ized extended 

1 1 

f r o m 1500 cm to 200 c m " 1 . Absorpt ion in this region o c c u r s for 

C - C s tre tch , C - M e t a l (M) s tretch , C - M - C de format ions , and in addi

tion, d i scre te bands are observed for ether m o l e c u l e s complexed to 

an organometa l l i c compound. The region of the spectrum found to be 

m o s t interesting was that portion f r o m 600 cm"* to 300 cm-"'". A b 

sorptions due to C - M stretching are found in this region for the d i 

a lky lmagnes ium and alkyll ithium compounds as wel l as for c o m p l e x e s . 

C H 3 L i + ( C H 3 ) 2 M g in Diethyl Ether 

Brown and coworkers (16) have studied the react ion of meth

yll i thium with d imethylmagnes ium in diethyl ether using low t e m p e r a 

ture n m r techniques. W h e n the L i : M g rat io was 2 : 1 , a single r e s o -
1 7 

nance was observed at all t emperatures for the H and Li spec tra . 

W h e n the ratio was l e s s than 2 : 1 , a s ignal for free d imethy lmagnes ium 

was observed at -60OC and when the ratio was g r e a t e r than 2 : 1 , a 
1 7 

s ignal for f ree methyll i thium was observed in both the H and Li 

spec tra . When the L i : M g ratio was grea ter than 2 : 1 , a 3:1 complex 

was a l so observed which was apparently in equil ibrium with the 2:1 

complex and e x c e s s methyl l i thium at - 6 0 ° C . The proposed s tructures 



for these c o m p l e x e s are shown in F igure 3 ( 1 6 b ) . The coordinated 

solvent has been omitted for s impl ic i ty . 

C H 3 

C H 3 | 

F i g u r e 3 . P r o p o s e d Structures for 2:1 and 3:1 C o m p l e x e s Containing 
Methyl l i thium and Dimethy lmagnes ium 

Brown d i s m i s s e d the poss ibi l i ty of a 1:1 complex in ether on 

the grounds that s ince d imethy lmagnes ium compounds showed little 

tendency to assoc ia te in ether solution, replacement of a second 

lithium atom in the tetrahedral arrangement shown in F igure 3 was 

unl ikely. M o r e recent ly , Seitz (17) has obtained evidence for a 1:1 

complex in tetrahydrofuran at low temperature and attributed its s ta

bil ity to increased solvation by the m o r e bas ic solvent . It i s in teres t 

ing to note , h o w e v e r , that d ia lkylmagnes ium compounds show l e s s 

tendency to assoc ia te in tetrahydrofuran than in ether ( 2 ) . 

It is m o r e uncertain which spec i e s are present in solution at 

2 5 ° C . Brown (16b) indicated that extrapolation of low temperature 

data favored the format ion of a 3:1 complex as wel l as d issoc iat ion of 
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the 2:1 c o m p l e x , at higher t emperature . Since an exact descript ion 

of the spec ies in solution at r o o m temperature w a s cr i t ica l to a later 

portion of this w o r k , a study was undertaken in an attempt to descr ibe 

this s y s t e m m o r e fully. Since n m r techniques could not be applied to 

this s y s t e m at higher temperature due to coa le scence of the var ious 

s i gna l s , the react ions w e r e fol lowed using infrared spec troscopy . 

The infrared spectrum of d imethy lmagnes ium in diethyl ether 

contained bands at 5 2 0 , 5 9 0 , 7 8 0 , 8 3 0 , 8 9 7 , 999 and 1040 c m " 1 when 

a compensat ing ce l l w a s used to r e m o v e solvent bands due to u n c o m -

plexed diethyl e ther . The two bands at 520 and 590 c m " 1 have both 

been attributed to a s y m m e t r i c C - M g stretching vibrat ions ( 3 4 ) . The 

intensity of the band at 590 c m ' l increased as the concentration was 

i n c r e a s e d , re lat ive to the band at 520 c m " 1 and w a s attributed to 

as soc ia ted f o r m s of d i m e t h y l m a g n e s i u m , while the band at 520 c m " 1 

was attributed to m o n o m e r i c solvated s p e c i e s . The bands at 7 8 0 , 8 3 0 , 

8 9 7 , 999 and 1040 c m " 1 have been ass igned to ether m o l e c u l e s which 

are coordinated to m a g n e s i u m atoms ( 3 5 ) . W h e n no compensat ing 

ce l l was used in the re ference b e a m , the spec trum of free diethyl 

ether w a s super imposed on the spec trum descr ibed above . Since the 

ether band at 500 c m ~ l interfered with the band attributed to the C - M g 

stretching vibration a compensating ce l l was used in all of this w o r k . 

The spectrum of methyl l i thium showed bands at 4 8 5 , 7 8 7 , 

8 3 2 , 9 1 0 , 1003 and 1050 c m " 1 . W e s t and G l a z e (36) studied the 
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infrared spectra of alkyll ithium compounds in the sol id and vapor 

phase and observed a band at 514 c m ~ l which was ass igned to the C - L i 

stretching vibration in the so l id . A band at 565 cm"* in the spectrum 

of ethyllithium was ass igned a l so to a C - L i stretching vibrat ion. Due 

to its prox imi ty to bands known to represent C - L i stretching v i b r a 

t ions , the band observed at 48 5 cm"* w a s tentatively ass igned to the 

C - L i stretching vibration for methyll i thium in ether . The other bands , 

due to s imi lar i ty with the d imethy lmagnes ium spectrum w e r e attr ib

uted to ether m o l e c u l e s coordinated to a meta l a tom. 

In an attempt to identify the spec ies in solution when m e t h y l 

lithium and d imethylmagnes ium w e r e m i x e d in diethyl e ther , a s e r i e s 

of spectra was obtained in a manner descr ibed on page 28 of this thes i s . 

The region of the spectrum examined included that portion between 600 

and 400 cm"* since that i s the region in which bands due to C - M 

stretching vibrations are o b s e r v e d . The spectra obtained are shown 

in F i g u r e s 4 , 5 and 6 . The concentrations of reagents are given in 

T a b l e 2 . 

When the L i : M g ratio w a s 0 . 5 : 1 . 0 bands due to d imethy lmag

nes ium and methyll i thium at 5 9 0 , 520 and 485 cm"* w e r e c lear ly seen . 

When the ratio was 0 . 7 : 1 . 0 , a s soc ia ted d imethy lmagnes ium w a s st i l l 

o b s e r v e d and in addition a new band w a s seen at 551 c m ~ * , indicative 

of complex format ion . When the m o l a r ratio reached 1 . 2 : 1 . 0 , a 

shoulder at 590 cm"* was sti l l observed as wel l as the complex band 
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F igure 4. Infrared Spectra of Methy l l i th ium-dimethy lmagnes ium in 
Diethyl E t h e r . 



F i g u r e 5 . Infrared Spectra of Methy l l i th ium-d imethy lmagnes ium in 
Diethyl E t h e r . 



F i g u r e 6 . Infrared Spectra of Methy l l i th ium-dimethy lmagnes ium in 
Diethyl E ther . 
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at 551 c m " * . In addition a band at 480 cm"* appeared. It would 

appear that little if any m o n o m e r i c d imethy lmagnes ium remained in 

solution at this rat io . The band at 480 cm"* was harder to a s s i g n . 

It w a s unlikely that the absorption due to f ree methyl l i thium would 

shift 5 cm"*; it w a s m o r e l ikely that this band w a s a l so due to the 

complex . If B r o w n ' s low temperature n m r data can be extrapolated 

to r o o m t e m p e r a t u r e , at a rat io of 1 . 2 : 1 . 0 one would expect to see 

only e x c e s s d imethy lmagnes ium in addition to a 2 .1 complex which 

m a y be sl ightly d i s soc ia ted . A l s o since solvation would d e c r e a s e , 

not i n c r e a s e , at higher temperature it i s unlikely that a 1:1 complex 

s tabi l ized by bas ic ether m o l e c u l e s as suggested by Seitz for the r e 

action in T H F would be f o r m e d . T h e r e f o r e the following equi l ibrium 

is suggested which probably l i e s to the left when equivalent amounts 

of both reagents are present in solution. 

0 . 5 ( C H 3 L i ) 4 + ( C H 3 ) 2 M g 4. • L i 2 M g ( C H 3 ) 4 (15) 

M o r e methyl l i thium would be "tied up" in the complex than d imethy l 

m a g n e s i u m . 

The appearance of a second complex band at 511 c m ~ l when 

the L i : M g ratio reached 2 . 1 : 1 . 0 sugges t s that this m a y be a C - M 

stretching band due to a 3:1 c o m p l e x , s ince the band continued to grow 

as the rat io reached and surpassed 3 : 1 . At this s to ich iometry no 
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bands attributed to f ree d imethy lmagnes ium w e r e o b s e r v e d in the 

s p e c t r u m . The width of this band and its gradual shift at higher Li: 

M g rat ios suggested that s o m e free methyl l i thium w a s present in 

solution. The following equi l ibrium is suggested for those c a s e s in 

which the L i : M g ratio is 2 . 1 : 1 . 0 or g r e a t e r . 

l / 4 ( L i C H 3 ) 4 + L i 2 M g ( C H 3 ) 4 . L i 3 M g ( C H 3 ) 5 (16) 

It i s l ikely that the equi l ibrium shifts toward the 3:1 complex as the 

amount of methyl l i thium is i n c r e a s e d . 

The resu l t s of this exper iment indicated that at any given con

centration there are s e v e r a l spec ie s in equi l ibrium and at no t ime does 

a single complex exist in solution. The resul t s of this study are best 

interpreted in t e r m s of the s a m e equil ibria as the low temperature 

n m r study of Brown. 

At attempt was m a d e to fract ional ly crys ta l l i ze solutions p r e 

pared by mixing methyll i thium and d imethy lmagnes ium at L i : M g rat ios 

of 1 :1 , 2 ; 1 , and 3 : 1 , by part ial r e m o v a l of solvent under reduced p r e s 

s u r e . In all c a s e s no precipitate w a s observed until approximate ly 

95% of the ether had been r e m o v e d . The s a m p l e s w e r e then too v i s 

cous to f i l ter and w e r e taken to dryness and placed on the vacuum 

manifo ld for s e v e r a l h o u r s . The infrared spec tra of the sol id m i x t u r e s 

w e r e obtained in Nujol (F igure 7) and compared to the m u l l spec tra of 
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methyl l i th ium and d imethy lmagnes ium. The spectrum of the 2:1 so l id 

was v irtual ly identical to that of the 3:1 solid; only the latter spec trum 

is shown for s impl ic i ty . 

The bands at 1190 and 1206 cm"* in the spec trum of d imethy l 

m a g n e s i u m have been ass igned to methy l deformation m o d e s . The 

band at 590 cm"* was ass igned to the C - M g stretching vibration in the 

as soc ia ted f o r m , in this case p o l y m e r . The band at 1061 cm~* in the 

spec trum of methyl l i thium has been attributed to methyl deformation 

vibrat ions and the bands at 530 and 420 cm"* have been ass igned to 

C - L i stretching vibrat ions ( 3 6 ) . In the spec trum of the c o m p l e x , the 

bands at 1190 and 1206 cm"* are c l ear ly absent . Ei ther these bands 

have d i sappeared due to complexat ion as is the case when the m e t a l 

atom is coordinated to ether or have shifted under the band found at 

1061 c m " 1 in the s p e c t r u m . In any event , no f ree d imethy lmagnes ium 

w a s present in the so l id sample at L i : M g rat ios of 2:1 and 3 : 1 . 

The d spacing for the l ines found in the X - r a y powder d i f frac

tion pattern of methyl l i thium and d imethy lmagnes ium are shown in 

T a b l e 6 . T h e s e two patterns a g r e e v e r y we l l with the l i terature values 

of W e i s s ( 3 7 , 9 ) . The d spacing of the l ines found in the powder pat

terns of the complex so l id m i x t u r e s are given in Table 7. 

T h e r e are certain l imitat ions in X - r a y powder diffraction 

ana lys i s . One is that if the d spacing values are to be e x t r e m e l y 
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Table 6 

X - R a y Powder Diffraction Pattern for 

Methyl l i thium and Dimethy lmagnes ium 

C H 3 L i ( C H 3 ) 2 M g 

5. 116 m 5. , 706 s 
3. ,603 m 5. ,227 s 
2. 954 m 3. ,276 m s 
2. 548 W W 3. ,215 W W 

to
 

,286 vw 2. ,647 W W 
1. ,927 W W 2. ,440 W W 
1. , 701 W W 2. ,402 W W 

2. , 138 W W 
2. ,072 w 
2. ,004 W W 
1, ,963 W W 
1, ,893 W W 

accurate an internal standard must be used to compensate for f i lm 

shrinkage . In this study all of the f i lms w e r e treated in a s i m i l a r 

m a n n e r with respect to t ime in the developing solutions and water 

bath, so that any f i lm shrinkage should have been s i m i l a r in all c a s e s . 

Secondly , the reported intensit ies w e r e read v i sua l ly . Another m o r e 

ser ious l imitat ion is that in order for the l ines due to a part icular 

spec i e s to be identifiable that spec ies should be present in the sample 

in at least five to ten percent by weight. 

The data in Tab le 7 can be interpreted quite w e l l , keeping 

these l imitat ions in m i n d . When the L i : M g ratio was 1 . 3 : 1 . 0 , l ines 

due to both reactants w e r e observed . When the ratio was 2:1 , l ines 
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Table 7 

X - R a y Powder Diffraction Pattern of the Solid Res idues 

Obtained by Removing Solvent f r o m Methyl l i thium -

Dimethy lmagnes ium M i x t u r e s in Diethyl E t h e r a 

" L i j 3 M g ( C H 3 ) 3 3 " " L i 2 M g R 4 " " L i 3 M g R 5 " 

1 0 . 10 m 5 . 47 s 5 . 4 9 m 
6. 22 vw 5 . 22 w 5 . 1 3 s 
5. 77 vw 4 . 79 vw 4 . 4 1 m 
5 52 v s 4 . 39 v s 3 . 6 1 m 
5. 10 w 3 . 63 w 3 . 3 7 vw 
4 . 65 s 3 . 38 m 3 . 2 2 w 
4 . 39 w 3 . 25 m 2 . 9 6 w 
4 . 15 vw 2 . 98 w 2 . 3 0 w 
4 . 08 vw 2 . 84 w 1 . 9 4 vw 
3. 87 m 2 . 64 w 1 . 8 2 vw 
3. 76 m 2 . 49 m 1. 71 vw 
3. 63 w 2 . 38 w 
3. 39 s 2 . 30 vw 
3. 31 w 2 . 15 w 
3 . 08 vw 2 . 10 w 
2 . 96 w 2 . 05 w 
2 . 85 w 1 . 92 w 
2 . 74 vw 
2 . 41 W W 
2 . 37 w 
2 . 30 w 
2 . 11 w 
1. 97 vw 

a T h e quotation m a r k s imply the s to ich iometry of the reagent s , 
not the presence of a specif ic complex of this s t ioch iometry . 

due to a complex and l ines due to methyl l i thium could be s een , indi

cating that mos t if not al l of the d imethylmagnes ium must be "tied up" 

in a complex . When the ratio was 3 : 1 , the l ines due to methyll i thium 
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are much m o r e intense. Two fac tors m u s t be cons idered . One i s that 

the weight percentage of methyl l i thium was steadi ly increas ing although 

this alone would not account for the sharp increase in line intens i t ies . 

A second factor was that there was evidently much m o r e free m e t h y l 

lithium in this sol id mixture than in any previous c a s e . L ines a t tr ib

uted to the complex b e c o m e s u c c e s s i v e l y w e a k e r , indicating a dilution 

with methyl l i th ium. 

The conclusions that can be drawn f rom this data are in genera l 

agreement with those that w e r e made prev ious ly f rom the infrared 

study. At low s t o i c h i o m e t r i e s , an equi l ibrium exis ts in which a p p r e 

ciable quantities of the reactants can be found in the sol id m i x t u r e . At 

a L i : M g ratio of 2:1 the equi l ibrium l ies toward c o m p l e x . At a L i : M g 

rat io of 3:1 appreciable quantities of f ree methyl l i thium are found, 

indicating that the 3:1 complex is somewhat d issoc iated and in equi

l ibr ium with methyl l i thium and what i s probably a 2:1 c o m p l e x . 

n - C 4 H g L i + ( n - C 4 H g ) 2 M g in Hexane 

In this study solutions w e r e prepared by st irr ing n-butyll ithium 

in hexane with d i -n -buty lmagnes ium. Complex format ion w a s c l ear ly 

indicated s ince the normal ly insoluble m a g n e s i u m reagent d i s so lved 

within a per iod of twelve h o u r s . Solutions w e r e prepared in which the 

L i : M g rat ios w e r e 1:1 and 2 : 1 . 

An infrared study was initiated in an attempt to descr ibe the 

composi t ion of the so lut ions , but was inconclusive s ince n-butyl -



73 

lithium and both complex solutions had only one b r o a d , strong a b s o r p 

tion at 550 c m " * . Attempts to fract ional ly crys ta l l i z e the react ion 

mix tures w e r e unsuccess fu l . In both c a s e s , the solutions b e c a m e in

creas ing ly v i scous as the solvent was r e m o v e d at reduced p r e s s u r e . 

Extended drying on a vacuum manifold finally produced amorphous 

s o l i d s , which did not exhibit a definite X - r a y diffraction pattern. 

T h u s , the only conclusions that can be drawn are that c o m 

plexes of unknown descript ion are f o r m e d when these two reagents are 

m i x e d in hydrocarbon solvent . 

s - C 4 H g L i + ( s - C 4 H g ) 2 M g in Cyclohexane 

The infrared spectra of solutions prepared by mixing s -buty l -

lithium and d i - s - b u t y l m a g n e s i u m in cyclohexane were r e c o r d e d in a 

m a n n e r analogous to that descr ibed for the s i m i l a r sy s t em where R = 

C H g . The only region of the spectrum in which significant changes 

o c c u r r e d was that portion between 600 cm"* and 400 c m ~ * . The 

spectra are shown in F igure 8 . 

The spectrum of s-butyl l i thium contained two bands at 510 and 

4 4 5 c m ~ l , attributable to C - L i stretching v ibrat ions . The spec trum 

of d i - s - b u t y l m a g n e s i u m contained three bands at 5 5 0 , 519 and 439 cm"*. 

Thi s compound is d imer i c in cyclopentane (6) and is therefore a s s u m e d 

to be d i m e r i c in cyc lohexane. By analogy to the spectrum of d imethyl 

m a g n e s i u m , the band in this spectrum at 550 cm"-'- was ass igned to the 
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510 

F i g u r e 8. Infrared Spectra of s - B u t y l l i t h i u m - d i - s - b u t y l m a g n e s i u m in 
Cyc lohexane . 
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C - M g stretching vibration for bridging alkyl groups and the band at 

519 c m " 1 was ass igned to terminal a l k y l - M g stretching v ibrat ions . 

No significant changes w e r e observed until the L i : M g ratio 

reached 1:1. At this point, the shoulder at 550 c m " 1 had disappeared 

and a new band at 410 c m ~ l had appeared. The m a x i m u m for the C - M 

stretching vibration was found at 511 c m " 1 , very near the posit ion for 

the C - L i stretching vibration itself . A s the L i : M g ratio was increased 

the m o s t noticeable change in the spectra was an increase in the s ize 

of the band at 415 c m " 1 which can be attributed to complex format ion 

since this band was c lear ly absent in the spectra of the reactants . 

Once the s to ich iometry s u r p a s s e d 2 : 1 , the spectra showed only the 

effect of added s-butyl l i thium. T h e s e data imply that a complex w a s 

f o r m e d although no definite s to ich iometry could be descr ibed . It is 

l ikely that once the m o l a r ratio was g r e a t e r than 2:1 the addition of 

m o r e s-butyl l i thium did not a l ter the nature of the complex . 

The mola l i ty of solutions prepared by mixing s-butyl l i thium 

and d i - s - b u t y l m a g n e s i u m in benzene and cyclohexane was determined 

c r y o s c o p i c a l l y . The resu l t s are given in Table 8 . 

The cryoscop ic data can be interpreted in a number of w a y s . 

If no react ion had taken place when the reagents w e r e m i x e d , the ob

served mola l i ty would have been the sum of the contributions of each 

reactant . If a react ion had taken place and m o n o m e r i c l ithium t r i - s -
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buty lmagnes ium had been produced, the mola l i ty of the reaction m i x 

ture would have been 33% higher than the sum of the contributions f r o m 

the reactants s ince three part ic les would have produced four part ic les 

according to the following equation. 

2 ( s - C 4 H 9 ) 2 M g + ( s - C 4 H 9 L i ) 4 4 L i M g ( s - C 4 H 9 ) 3 ( 1 ? ) 

Table 8 

Mola l i ty of Solutions P r e p a r e d by Mixing s-Butyl l i thium and 

D i - s - B u t y l m a g n e s i u m in Benzene and Cyclohexane 

L i : M g Ratio 1:1 in Benzene 

m a m b m c m d 

0 . 0 5 8 0 . 0 2 9 0 . 0 8 7 0 . 0 8 7 
0 . 104 0 . 0 5 2 0 . 156 0 . 147 
0 . 129 0 . 0 6 4 0 . 193 0 . 1 7 8 

L i : M g Ratio 1 . 1 5 : 1 . 0 0 in Cyclohexane 

m a m b m d 

0 . 0 4 4 0 . 0 2 5 0 . 0 6 9 0 . 0 6 8 
0 . 0 8 1 0 . 0 4 6 0 . 127 0 . 115 
0 . 119 0 . 0 6 8 0 . 187 0 . 170 
0 . 146 0 . 0 8 4 0 . 2 3 0 0 . 2 0 7 
0 . 171 0 . 0 9 8 0 . 2 6 9 0 . 2 3 7 

a M o l a l i t y of d i m e r i c d i - s - b u t y l m a g n e s i u m . 

^Molal i ty of t e t r a m e r i c s-butyl l i thium. 

c A d d i t i v e mola l i ty of the reactants . 

^ O b s e r v e d mola l i ty of the solution. 
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Another poss ibi l i ty is that an equi l ibrium exis ts between the complex 

and the reactants in which the complex is self a s soc ia ted . This latter 

poss ibi l i ty s e e m s l ikely since hydrogenolys i s of the 1:1 mixture in 

benzene produced a mix ture of L i H , M g H 2 and L i M g H 3 , and the infra

red study a l so indicated that complex format ion had o c c u r r e d . 

C 6 H 5 L i + ( C 6 H 5 ) 2 M g in Diethyl Ether 

Witt ig ( 1 5 ) prepared LiMg(#3 in diethyl ether by mixing 

phenyllithium and diphenylmagnesium in 1:1 s to ich iometry . He then 

r e m o v e d the solvent under reduced p r e s s u r e and r e c r y s t a l l i z e d the 

result ing so l id f r o m hot xy lene . Ana lys i s of the r e c r y s t a l l i z e d sol id 

indicated a L i : M g ratio of exact ly 1 . 0 0 : 1 . 0 0 . 

Brown and Seitz ( 3 8 ) studied the phenyl l i th ium-diphenylmag

nes ium s y s t e m in diethyl ether using low temperature n m r techniques 

and concluded that when the L i : M g rat io i s < 2 : l , a 1:1 complex ex i s t s 

in solution. They a l so reported the presence of a 2:1 complex when 

the L i : M g ratio is 2:1 or g r e a t e r . 

In an attempt to descr ibe this s y s t e m m o r e fully at r o o m 

t e m p e r a t u r e , the preparation of LiMg(#3 was repeated. W h e n 10 

m m o l e s of phenyllithium and 10 m m o l e s of d iphenylmagnes ium w e r e 

m i x e d in diethyl ether and the solvent r e m o v e d under reduced p r e s 

s u r e , a white so l id resu l ted . W h e r e a s sol id phenyllithium is quite 

sens i t ive to photodecomposi t ion, this so l id was much m o r e stable to 
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l ight. The product of this react ion w a s r e c r y s t a l l i z e d f r o m hot xy lene . 

Ana lys i s of the mother l iquor revea led that at 9 0 ° C the complex was 

soluble to the extent of 0. 1 m m o l e s / m l , and a L i : M g ratio of exact ly 

1 .0 :1 .0 was indicated. Ana lys i s of the r e c r y s t a l l i z e d sol id a l so indi

cated an exact L i : M g rat io of 1 . 0 : 1 . 0 . 

The d spacings of the l ines in the X - r a y powder diffraction 

patterns of phenyllithium and lithium tr iphenylmagnes ium are given 

in Tab le 9. Diphenylmagnes ium is amorphous and does not give a 

powder pattern. C l e a r l y , there is no phenyllithium in the r e c r y s t a l 

l i zed s a m p l e . F u r t h e r m o r e , a powder pattern of the unrecrys ta l l i z ed 

react ion product was compared v isual ly to that of both phenyllithium 

and the complex and w a s a lmost identical to that of the c o m p l e x . No 

l ines attributable to phenyllithium w e r e observed in the u n r e c r y s t a l 

l i zed s a m p l e . Thi s data indicates that a true 1:1 complex was f o r m e d 

and that it is not appreciably dissociated at room temperature. 

0hi + Mg02
 E t 2 ° - L i M g $ 3 (18) 

Preparat ion of Alkal i M e t a l Hydride C o m p l e x e s of M a g n e s i u m Alky l s 

A natural extension of the work reported thus far was to study 

the react ions of d ia lky lmagnes ium compounds with alkali m e t a l hydrides 

and prepare a second s e r i e s of complexes s i m i l a r to those prepared 

via the react ions with alkali m e t a l a lky l s . There is only one report in 
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Table 9 

X - R a y Powder Diffraction of Phenyll i thium and 

Lithium Tr ipheny lmagnes ium 

$ L i L i M g $ 3 a 

9 . 2 1 w 1 0 . 22 m 
5 . 9 2 w 9 . 31 m 
5 . 2 5 vs 8 . 59 s 
4 . 74 s 7. 28 w 
4 . 57 s 6 . 84 w 
4 . 15 vs 5 . 75 w 
3 . 4 1 s 5 . 20 m 
3 . 2 7 m 4 . 94 m 
3 . 2 2 m 4 . 42 m 
2 . 9 5 w 4 . 30 m 
2 . 8 3 w 4 . 08 w 
2 . 75 w 3 . 97 w 
2 . 6 0 w 3 . 82 m 

3 . 57 w 
3 . 51 w 
3 . 37 w 
3 . 25 w 
2 . 99 w 
2 . 87 vw 

a R e c r y s t a l l i z e d s a m p l e . V e r y weak l ines w e r e o b s e r v e d 
with d spacings l e s s than 2 . 8 7 but are not shown in this table . 

the l i terature ( 1 8 ) , in which attempts to prepare complexes of this 

type have been made using a m a g n e s i u m alkyl . 

Coates and Hes lop reported the react ion of l i thium, sodium 

and potass ium hydride with diethylmagnes ium in boiling diethyl e ther , 

tetrahydrofuran and 1 ,2 -d imethoxyethane . T h e s e authors found that 
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no react ion took place when diethyl ether was used as a solvent and 

react ion t imes of 24 - 72 hours w e r e employed . In contras t , with 

tetrahydrofuran and 1 ,2 -d imethoxye thane , hydrolysable ethyl groups 

gradual ly d isappeared f r o m solution and w e r e not found in the sol id 

re s idues r e m o v e d by f i l tration. Since diethylmagnes ium itself was 

stable under the react ion condit ions, it was concluded that i n t e r m e d 

iate c o m p l e x e s w e r e f o r m e d in which the nucleophilic character of the 

ethyl group in the complex exceeded that of ethyl in d ie thylmagnes ium 

itself . Ether c leavage then occurred to a significant d e g r e e , accoun

ting for the l o s s of ethyl g r o u p s . 

A portion of Coates ' work was repeated in the present study 

using dimethyl and diphenylmagnesium instead of d ie thylmagnes ium 

and both diethyl ether and tetrahydrofuran w e r e employed as so lvents . 

The conclusions w e r e in general agreement with those of previous 

w o r k e r s . 

W h e n lithium hydride was ref luxed with d imethy lmagnes ium 

in diethyl ether no react ion was o b s e r v e d . W h e n tetrahydrofuran w a s 

used as the solvent s o m e reaction had taken place during the 36 hour 

reflux per iod . After f i ltering the react ion m i x t u r e , analys is of the 

resulting solution indicated a L i : M g ratio of 1:15 . The res idue w a s 

shown by analys is to consist main ly of unreacted lithium hydride . In 

a s i m i l a r e x p e r i m e n t , l ithium hydride and d imethy lmagnes ium w e r e 
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s t i rred for 7 days at 2 5 ° C and then f i l tered. A n a l y s i s of the f i l trate 

again revea led a L i : M g ratio of 1:15 . The amount of gas evolved on 

hydro lys i s indicated that the number of methyl groups in solution had 

d e c r e a s e d by 20%. S imi lar resu l t s were noted by Coates when higher 

t emperatures and shorter react ion t imes w e r e employed . 

Severa l exper iments w e r e conducted using d iphenylmagnes

ium. W h e n a mixture of lithium hydride and diphenylmagnesium was 

ref luxed for s e v e r a l days in tetrahydrofuran and then f i l t ered , anal 

y s i s of the f i l trate revealed a L i : M g ratio of 0 . 6 1 : 1 . 0 0 . No hydrogen 

was evolved on hydro lys i s of the solution indicating that ether c leavage 

had o c c u r r e d , in this case via reaction with the complexed hydride . 

S imi lar resu l t s w e r e obtained by mixing sodium hydride with diphenyl

m a g n e s i u m in diethyl e ther . After 5 days at 2 5 ° C the react ion m i x 

ture was f i l tered and analys i s of the f i l trate revea led a Na;Mg ratio of 

0 . 3 8 : 1 . 0 0 . A g a i n , no hydride was evolved on hydro lys i s of the so lu

tion. 

In contras t , the react ion of potass ium hydride with diphenyl

magnes ium in diethyl e ther , at K : M g rat ios ranging f r o m 0 . 3 : 1 to 5:1 

resul ted in complex format ion . Precipitat ion of the complex must 

have o c c u r r e d fas ter than ether c leavage . When potass ium hydride 

and diphenylmagnes ium w e r e mixed in 1:3 m o l a r ra t io , 66% of the 

m a g n e s i u m containing compound precipitated f rom solution. Since 
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only 2 / 3 of the m a g n e s i u m spec ies precipi tated, the l imit ing ratio of 

K : M g in the complex must therefore be 1:2. 

KH + 202Mg - K M g ( # 2 H . M g ( # 2 ( 1 9 ) 

This part icular s to ich iometry has been observed many t imes in c o m 

plexes of this type ( 2 0 , 2 1 , 3 9 ) . When the potass ium to m a g n e s i u m 

m o l a r rat io was i n c r e a s e d stepwise to 5 : 1 , quantitative precipitation 

of the m a g n e s i u m containing spec ies o c c u r r e d . 

The X - r a y powder patterns were recorded for each of these 

sol ids and the d spacings are given in Table 1 0 . L ines ass igned to 

potass ium hydride at d spacings of 3 . 8 1 , 3 . 2 7 , 2 . 8 4 , 2 . 6 1 , 2 . 0 2 and 

1 . 7 1 K w e r e observed in 1 :1 , 2:1 and 5:1 m i x t u r e s . The strongest 

o 
line for potass ium hydride at 3 . 2 4 A w e r e v e r y faint in the 0 . 5 : 1 c o m -

o 

pound. L ines at d spacings of l e s s than 2 . 2 6 A w e r e too weak to be 

read accurate ly . L ines attributed to complex format ion d e c r e a s e d in 

intensity as this spec ies was diluted with sol id potass ium hydride . 

The exact s to ich iometry of complexes other than a 1:2 complex cannot 

be de termined on the bas i s of this data alone. M o s t of the l ines at tr ib

utable to the complex are fa ir ly low in intensity. T h e r e are two e x 

planations for the presence of l ines due to potass ium hydride in the 

1:1 m i x t u r e . Ei ther the stable complex has a m o l a r rat io of 1:2 and 

the so l id contains an equivalent m o l a r amount of potass ium hydr ide , 
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or it m a y be that some potass ium hydride is occluded in what is pri 

m a r i l y a 1:1 complex . 

Table 10 

X - R a y Powder Diffraction Pattern of P o t a s s i u m 

Hydr ide-Dipheny lmagnes ium C o m p l e x e s 

K H - 2 $ 2 M g K H + $ 2 M g 2KH + (feMg 5KH + 0 2 M g 

d I d I d I d I 

8 . 74 w 8 . 6 8 w - b r 
8 . 0 0 w 8 . 0 0 vvw 
7 . 4 2 w 7 . 4 6 W W 7 . 3 6 vvw 
6 . 50 w 6 . 50 vvw 6 . 4 7 vvw 
5 . 8 0 w 5 . 8 8 vvw 5 . 8 5 vvw 
5 . 10 m 5 . 15 w 5 . 12 w - b r 5 . 19 vvw 
4 . 76 w 4 . 71 vw 4 . 8 2 vw 
4 . 50 w 4 . 3 7 w - b r 4 . 3 9 w - b r 4 . 4 4 vvw 
4 35 m 4 . 19 vw 4 . 19 vw 
4 16 w 4 . 0 5 vw 4 . 0 4 vw 
4 . 0 0 w 3 . 8 1 vvw 3 . 8 2 vvw 
3 . 75 w 3 . 75 vvw 3 . 63 vvw 3 . 64 vvw 
3 . 4 5 w 3 . 2 7 m 3 . 2 8 vs 3 . 2 8 vs 
3 25 vw 3 . 0 6 vw 3 . 0 5 vw 3 . 19 vvw 
3 . 0 4 m 2 . 9 3 vvw 2 . 9 3 m 2 . 8 4 s 
2 . 9 2 m 2 . 84 m 2 . 8 5 m 
2 . 8 1 m 2 . 70 vw 2 . 6 9 vvw 
2 . 6 7 vw 2 61 vvw 2 . 6 1 vvw 2 . 6 0 vvw 
2 . 59 vw 2 . 2 9 vvw 2 , 5 0 w - b r 2 . 23 vvw 
2 . 48 w - b r 2 . 0 2 w 2 . 0 2 m 
2 . 3 2 w 1 . 72 w 1 . 9 1 vvw 1 . 9 1 vvw 
2 . 2 6 w 1 . 72 m 1 . 71 m 
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( s - C 4 H g ) 2 M g + K H in Benzene 

Of cons iderably m o r e interest is the format ion of stable c o m 

plexes in solvents in which ether c leavage is avoided. In this connec

tion the hydrocarbon soluble d i - s - b u t y l m a g n e s i u m recent ly reported 

by Eas tham and Kamiensk i is an excel lent candidate for the p r e p a r a 

tion of stable c o m p l e x e s of d ia lky lmagnes ium compounds with alkali 

m e t a l hydr ides . 

W h e n d i - s - b u t y l m a g n e s i u m was s t i rred with an equivalent 

amount of potass ium hydride in either benzene or a 50:50 benzene -

cyclohexane m i x t u r e , the hydride spec ies d i s so lved and a stable s o l 

uble 1:1 complex was f o r m e d . 

K H + ( s - C 4 H 9 ) 2 M g ^ K M g ( s - C 4 H 9 ) 2 H (20) 

An attempt to prepare the complex in pure cyclohexane was u n s u c c e s s 

ful , l arge ly due to the fact that potass ium d i - s -buty lhydr idomagnes ium 

is insoluble in this solvent . In this exper iment an oily g u m m y res idue 

resu l ted . W h e n c o m m e r c i a l potass ium hydride was e m p l o y e d , the r e 

action mixture was s t i rred overnight in order to achieve a yie ld on the 

order of 90%, but when "active" potass ium hydride which had been p r e 

pared in the autoclave was employed the reaction w a s complete in l e s s 

than one hour . F u r t h e r m o r e , the best resu l t s were obtained when the 

potass ium hydride was s lurr i ed with benzene pr ior to the addition of 

di - s - bu ty lm agn e s ium. 
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The n m r spectra of d i - s - b u t y l m a g n e s i u m and the 1:1 complex 

are shown in F i g u r e s 9 and 10 respec t ive ly . Both solutions w e r e 

approximate ly 0 . 4 m o l a r in benzene , and benzene was used as the 

internal s tandard. The apparent sextet , attributed to the a H of the 

s -butyl group i s centered at 9 . 8 1 r in the spec trum of d i - s - b u t y l m a g 

nes ium. In the 1:1 complex with potass ium hydride , the a H signal 

was shifted upfield 0 . 8 1 ppm and b e c a m e somewhat broadened. In 

addition, a new signal was observed at 6 . 6 0 T which was attributed to 

the hydridic hydrogen in the c o m p l e x . Integration of these two s ignals 

gave a rat io of 0 . 8 3 : 1 . 0 0 consistent with complex format ion . The 

posit ion of the hydride s ignal was at a lower field than would have been 

predic ted . H o w e v e r , Shriver (21) has shown that the hydride signal 

in N a H « 2 E t 2 Z n is a l so found at r e m a r k a b l y low f ie ld. Another not ice

able change in the spectra was that the triplet and doublet in the s p e c 

trum of d i - s - b u t y l m a g n e s i u m had m e r g e d in the spec trum of the c o m 

plex . 

The infrared spectra of both d i - s - b u t y l m a g n e s i u m and the 

1:1 complex w e r e recorded but are not nearly so informative as w e r e 

the n m r spectra . W h e r e a s the spec trum of d i - s - b u t y l m a g n e s i u m in 

benzene contained an absorption band at 521 c m " * , this band w a s 

broadened and of much lower intensity in the c o m p l e x . This effect 

w a s undoubtedly due to the lowering of the s y m m e t r y around the 



F i g u r e 9 . N M R Spectrum of D i - s - b u t y l m a g n e s i u m in Benzene . 
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F igure 1 0 . N M R Spectrum of P o t a s s i u m Di - s -buty lhydr idomagnes ium 
in B e n z e n e . 



88 

m a g n e s i u m atom in the c o m p l e x . A broad absorption band was a l so 

o b s e r v e d indicative of M g - H stretching v ibrat ions . 

C r y o s c o p i c m o l e c u l a r weight m e a s u r e m e n t s indicated a 

m o n o m e r - d i m e r equi l ibrium over a concentration range 0 . 0 6 - 0 . 1 6 

m o l a l . T h e s e data are shown in F i g u r e 1 1 . 

Since it had been reported e a r l i e r (18) and a l so conf irmed in 

this study that complexes of this type could not be prepared in e thers 

due to solvent c l eavage , it was of interest to determine the stabil ity 

of potass ium d i - s -buty lhydr idomagnes ium in the presence of l imi ted 

amounts of diethyl e ther . 

A c c o r d i n g l y , 0 . 33 m m o l e s of the complex in 1 m l of benzene 

and 1 . 0 m m o l e s of diethyl ether w e r e m i x e d in an n m r s a m p l e tube, 

and the spec trum was recorded within 15 minutes . The hydride s ignal 

in this mix ture was observed at 6 . 36T corresponding to a downfield 

shift of 0 . 2 4 p p m , and w a s adjacent to the ether quartet . A s i m i l a r 

downfield shift of 0 . 2 0 ppm was o b s e r v e d for the sextet attributed to 

the «proton of the s-butyl group. The re lat ive a r e a s of these s ignals 

w e r e identical to that of the complex in pure benzene , and only a slight 

d e c r e a s e in the intensity w a s observed due to the dilution effect . Spec 

tra r e c o r d e d at 30 and 45 minutes after mixing w e r e identical to the 

spec trum taken 15 minutes after mix ing . 

T h e s e data indicate that the complex is stable in the presence 

of l imi ted amounts of ether for at l east one hour at r o o m temperature . 
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The c leavage observed in the direct preparation in ether solvents was 

therefore a consequence of both higher t emperatures and longer r e 

action t i m e s . 

The react ivity of potass ium d i - s -buty lhydr idomagnes ium 

toward olefins was a l so invest igated. A mixture w a s prepared in 

which 0 . 2 3 m m o l e s of the complex in one m l of benzene was combined 

with an equ imolar amount of cyclohexene in an n m r tube. The n m r 

spec trum of this mixture remained unchanged for a period of 24 hours 

at 2 5 ° C . At this t ime the spectrum was identical to that of a spec trum 

of 0 . 2 3 m m o l e s of cyclohexene in one m l of benzene super imposed on 

the spec trum of the complex . No change in the position of any of the 

s ignals due to complex had occurred as a result of olefin addition. 

T h u s , it was concluded that no react ion took place under the above con

dit ions. T e s t s carr i ed out at an independent laboratory revea led that 

this complex did not act as a catalyst in the po lymer izat ion of e thylene , 

but did act as a te lemer izat ion catalyst for butadiene. 

( n - C 4 H 9 ) 2 M g + K H in Benzene 

A second complex was prepared analogous to that descr ibed 

above in which the R group was n-butyl instead of s -buty l . Init ial ly, 

po tass ium hydride w a s s t i rred with an equivalent amount of d i -n -buty l 

m a g n e s i u m in cyc lohexane. After 44 hours analys is of an aliquot of 

the supernatent revea led a K : M g ratio of 0 . 5 : 1 . 0 and the concentration 
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of m a g n e s i u m was shown to be 0 . 0 2 7 m m o l e s / m l . A s was observed 

in the previous e x a m p l e , a soluble complex was not f o r m e d in c y c l o 

hexane. The insoluble portion of this react ion mixture w a s i so lated 

on a fritted g l a s s f i l ter in the dry box , t rans ferred to another f lask 

and covered with 300 m l of benzene . 

The benzene mixture was s t i rred for 3 days at 8 Q ° C , cooled 

and f i l tered in the dry box . The fi ltrate was shown by analys is to be 

0 . 1 1 m o l a r in c o m p l e x , and a K : M g : H ratio of 0 . 9 8 : 1 . 0 0 : 0 . 85 was in

dicated. When the solvent was part ial ly r e m o v e d f rom a portion of 

this s a m p l e , a solution 0 . 6 8 m o l a r in complex was obtained and no 

precipitation had o c c u r r e d . Solvent r e m o v a l was continued until a 

white sol id was produced; this was then dried on a vacuum manifold 

at reduced p r e s s u r e for s e v e r a l h o u r s . A s m a l l portion of the sol id 

was heated in a melt ing point capi l lary tube. Decompos i t ion was o b 

s e r v e d at 1 1 5 ° C , a temperature at which di-n-butylmagnesium itself 

is s table . The X - r a y powder diffraction pattern of this so l id showed 

only v e r y , very weak l ines with d spacings of 3 . 9 0 , 3 . 4 6 , 3 . 0 3 , 2 . 7 8 , 

2 . 6 8 , 2 . 2 0 and 2 . 1 1 K which can be attributed to potass ium hydride . 

The complex itself is an amorphous so l id , as is d i - n - b u t y l m a g n e s i u m . 

The n m r spectrum of a 0 . 3 7 8 m o l a r solution of potass ium 

di -n-buty lhydr idomagnes ium in benzene at 2 5 ° C was consistent with 

complex format ion . The triplet attributed to the a methylene protons 
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w a s observed at 1 0 . 5 9 r . In the spec trum of d i -n -buty lmagnes ium in 

benzene this s ignal is found at 9 . 4 9 T ( 2 9 ) . A low intensity s ignal was 

observed at 6 . 5 3 T which was attributed to the hydridic hydrogen. In 

s o m e of the nmr spectra of this c o m p l e x , the s ignal for the hydridic 

hydrogen was not observed even though e lementa l analys is conf irmed 

the presence of hydridic hydrogen in solution. 

In one preparation a sample of the supernatent was taken 

pr ior to complete format ion of the 1:1 complex . A n a l y s i s revea led a 

K : M g ratio of 0 . 8 : 1 . 0 . The triplet attributed to the a methylene p r o 

tons in the spec trum of this solution was observed at 1 0 . 4 9 r . Either 

a 1:2 complex exis ted in equi l ibrium with a true 1:1 complex giving 

r i s e to a slight downfield shift or the 1:1 complex was undergoing 

rapid exchange with d i - n - b u t y l m a g n e s i u m . Considering the e x t r e m e l y 

low solubility of d i -n -buty lmagnes ium the f irst explanation is m o r e 

l ike ly . The posit ions of the mult iplets due to the other protons of the 

butyl group w e r e unchanged. Continued st irring of the react ion m i x 

ture produced a 1:1 complex . 

C r y o s c o p i c m o l e c u l a r weight m e a s u r e m e n t s indicated that 

potass ium di -n-buty lhydr idomagnes ium is d imer ic over a concentra

tion range 0 . 0 8 - 0 . 3 2 m o l a l in benzene . T h e s e data are shown in 

F igure 1 1 . 

A n a l y s i s of the res idue r e c o v e r e d after fi ltration of the ben

zene solution containing the 1:1 complex proved quite interest ing. 
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I i ' 
0 0 . 1 0 . 2 0 . 3 

Concentration ( m ) 

F igure 1 1 . Assoc ia t ion of P o t a s s i u m Di - s -buty lhydr idomagnes ium - o - , 
and P o t a s s i u m D i - n - b u t y l h y d r i d o m a g n e s i u m * ^ in B e n z e n e . 

The powder pattern of this sol id revea led l ines at d spacings of 2 . 8 3 , 

2 . 0 7 and 1 . 6 5 ^ indicative of the spec ies K M g H g descr ibed in a later 

o 

portion of this thes i s . The strong line at 3 . 2 4 A. in the powder pattern 

of potass ium hydride was c l ear ly absent f r o m this powder pattern. 

Evidently complexat ion had weakened the C - M g bond and p y r o l y s i s of 

the complex o c c u r r e d at 8 0 ° C in benzene . 
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( s - C 4 H g ) 2 M g + NaH in Benzene 

W h e n d i - s - b u t y l m a g n e s i u m and sodium hydride w e r e s t i rred 

in benzene , a complex w a s f o r m e d in which the Na:Mg ratio was 1:2. 

NaH + 2 ( s - C 4 H 9 ) 2 M g N a M g ( s - C 4 H 9 ) 2 H . ( s - C 4 H g ) 2 M g (21) 

Thi s was the case even when the reagents w e r e m i x e d in a m o l a r rat io 

of 1:1 and the react ion mixture was s t i rred for s e v e r a l days . 

The n m r spectrum of a 0 . 2 3 m o l a r solution of the complex in 

benzene was recorded at room temperature using benzene as the inter

nal s tandard. In this s a m p l e , the apparent sextet attributable to the 

aH of the butyl group was shifted upfield, but only 0 . 6 6 ppm. Since 

only one hydridic hydrogen is avai lable in this complex containing two 

m a g n e s i u m a t o m s , l e s s shielding should occur and a s m a l l e r shift 

than that o b s e r v e d for the 1:1 potass ium hydride complex was expected. 

In addition a new signal was o b s e r v e d at 6 . 6 0 r for the hydridic h y d r o 

gen. A s w a s the case with the potass ium hydride - d i - n - b u t y l m a g n e s 

ium complex this signal is somewhat broadened compared to that of 

the 1:1 potass ium hydride - d i - s - b u t y l m a g n e s i u m c o m p l e x . This s ig

nal was o b s e r v e d , h o w e v e r , in all of the n m r spectra r e c o r d e d for the 

sodium hydride complex . 

The infrared spectra of f i l m s of d i - s - b u t y l m a g n e s i u m and the 

1:2 sodium hydride complex w e r e r e c o r d e d . A s m a l l shift in the p o s i -



Figure 1 2 . Infrared Spectra of ( A ) , D i - s - b u t y l m a g n e s i u m , a n d ( B ) , Sodium B i s - d i - s -
buty lmagnes ium Hydride . 

CD 
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tion of the C - M g absorption band was observed in the spectrum of the 

complex as we l l as a broad envelope indicative of m a g n e s i u m - h y d r o 

gen stretching v ibrat ions . 

( s - C 4 H g ) 2 M g + L iH in Benzene 

Although s e v e r a l attempts w e r e m a d e to prepare a complex 

by mixing l ithium hydride and d i - s - b u t y l m a g n e s i u m in benzene , all of 

these w e r e unsuccess fu l . Even when e x t r e m e l y react ive l ithium hy

dr ide , prepared in an autoclave via the low temperature hydrogenation 

of t-butyll ithium in pentane, was used no react ion was observed after 

s e v e r a l d a y s . The n m r spectrum of the f i l trate obtained f rom this 

react ion mixture was identical to that of d i - s - b u t y l m a g n e s i u m in ben

zene . A n a l y s i s revea led that none of the lithium hydride had d i s so lved 

and all of the m a g n e s i u m remained in solution. 

( s - C 4 H 9 ) 2 M g + 2KH in Benzene 

Repeated attempts w e r e made to prepare an authentic 2:1 

complex by mixing potass ium hydride with d i - s - b u t y l m a g n e s i u m in 

benzene in a 2:1 m o l a r rat io . Invar iably , al l of the magnes ium con

taining spec ie s precipitated and could be i so lated by fi ltration of the 

react ion mix ture . A n a l y s i s of this res idue indicated that extensive 

metal lat ion of the solvent had o c c u r r e d . When a portion of the sol id 

was carboxylated both 2 -methylbutyr ic acid and benzoic acid w e r e p r o 

duced. The X - r a y powder diffraction pattern revea led that s o m e 
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potass ium hydride had been occluded in the so l id . S i m i l a r resu l t s 

w e r e obtained when a previous ly prepared solution of potass ium d i - s -

butylhydridomagnesium was added to a benzene s l u r r y of potass ium 

hydr ide . A l l of the magnes ium containing spec ies again precipitated 

and the res idue w a s found to be identical to the sol id descr ibed above . 

The exact nature of the metal lated spec ie s is uncertain. 

Hydrogeno lys i s of the sol id which resul ted when two equivalents of 

potass ium hydride w e r e s t i rred with one equivalent of d i - s - b u t y l m a g 

nes ium in benzene resul ted in the format ion of only K H and K M g H g . 

Th i s data would suggest that either Kc^MgH^, once f o r m e d , d i s p r o -

portionates readi ly to give K H and K M g H g , or that the sol id was rea l ly 

a mix ture of different spec ies and not an authentic 2:1 complex con

taining mixed a lky l -ary l groups . 

The resu l t s of these exper iments w e r e quite interest ing. 

It had been observed e a r l i e r that when a benzene solution of 

K M g ( s - C 4 H g ) 2 H was al lowed to stand at r o o m temperature , a p r e c i p i 

tate containing phenyl groups bonded to m a g n e s i u m was f o r m e d s lowly , 

w h e r e a s K M g ( n - C 4 H g ) 2 H was stable under these conditions. F u r t h e r 

m o r e , if a slight e x c e s s of KH was used in the preparation of the s -

butyl c o m p l e x , the yield of 1:1 complex was significantly d e c r e a s e d . 

Apparent ly complexat ion with a second equivalent of potass ium hydride 

great ly enhanced the ionic character of the C - M g bond and metal lat ion 
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of the solvent o c c u r r e d fa ir ly rapidly . Since both the n m r spectra of 

e a r l i e r preparat ions of the 1:1 complex and e lementa l analys i s indi

cated a good K : M g : B u : H ratio in solution even when a slight e x c e s s of 

potass ium hydride was u s e d , it was concluded that as metal lat ion 

o c c u r s , to f o r m a new spec ies in which the magnes ium is bonded to a 

phenyl g r o u p , precipitation of this spec ies is i m m e d i a t e . 

S i m i l a r e x a m p l e s of enhanced react ivi ty of an alkyl group 

bonded to a m e t a l atom upon complexat ion have been reported in the 

l i t erature . Rausch and Ciappenel l i (40) reported that n-butyl l i thium-

N ,N , N ' , N ' , - te tramethylethylenediamine meta l la ted benzene and f e r r o 

cene . S i m i l a r l y , Langer (41) reported that this s a m e complex m e t a l 

lated benzene and produced phenyll ithium. Since butyllithium itself is 

unreact ive toward benzene , the increased react ivi ty of the lithium r e 

agent was attributed to complexation with an e lectron donating b a s i c 

s p e c i e s . 

Preparat ion of C o m p l e x M e t a l Hydr ides 

The importance of complex m e t a l hydrides of a luminum and 

boron ( e . g . , U.AIH4 and N a B H 4 ) in both organic and inorganic c h e m 

i s try is we l l known ( 4 2 ) . C o m p l e x m e t a l hydrides of alkali m e t a l s 

with magnes ium are as yet unknown, although analogous spec ie s con

taining a Group II meta l have been reported ( 2 3 , 2 4 ) . In an attempt to 

prepare L i M g H 3 , Tanaka reported that the hydrogenolys i s of a mixture 
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of methyl l i thium and d imethy lmagnes ium in ether at e levated t e m p e r 

atures produced only lithium hydride and magnes ium hydr ide . 

The preparation of stable c o m p l e x e s of alkali m e t a l hydrides 

and d ia lkylmagnes ium compounds proved to be the key step in the 

preparat ion of spec ies of this type. The solubil i ty of these c o m p l e x e s 

in benzene i s unique and avoids the necess i ty of conducting react ions 

in m o r e bas ic solvents such as e t h e r s , thus el iminating the compet i 

tion between solvent and hydride ion for coordination s i tes in the e x 

pected product . In addition, secondary butyl groups bonded to r e l a 

tively e lectropos i t ive m e t a l s are known to undergo hydrogenolys i s 

under re lat ive ly m i l d conditions. This factor al lows reduction of 

these complexes at room temperature where it is known that authentic 

c o m p l e x e s ex i s t . At higher t e m p e r a t u r e s , L e w i s ac id -base complexes 

of this type m a y d i s s o c i a t e , according to the equation shown be low, 

leading to reduction of the independent reagents and not the complex 

i tself . 

K M g R 2 H K H + M g R 2 ^ 2 » K H + M g H 2 + 2RH (22) 

K M g H 3 

Hydrogeno lys i s of a 0 . 5 m o l a r solution of potass ium d i - s -

butylhydridomagnes ium in benzene under 3000 psig hydrogen p r e s s u r e 

resul ted in quantitative precipitation of a yel low so l id , which reacted 
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violently when exposed to the a t m o s p h e r e . E lementa l analys is of this 

solid revea led a K : M g : H ratio of 1:1:3 , consistent with either f o r m a 

tion of authentic K M g H 3 or a physical mixture of potass ium hydride 

and m a g n e s i u m hydride . H o w e v e r , X - r a y analys is ( T a b l e 11) revea led 

a unique diffraction pattern, different f r o m the patterns for K H and 

M g H 2 indicating that the react ion product is not a physical m i x t u r e . 

The s trongest line for K H (at 3 . 3 0 R) and s trongest l ines for M g H 2 

(at 3 . 1 9 , 2 . 4 9 5 , 1 . 6 7 and 1. 59 R) are c l ear ly absent f rom the K M g H 3 

pattern. T h u s , the react ion proceeded according to equation 2 3 . 

K M g ( s - C 4 H 9 ) 2 H + H 2

 2 5 ° » K M g H 3 (23) 

C o m p a r i s o n of the powder pattern data for K M g H g with that 

of K M g F 3 suggests that these two compounds are i s o m o r p h o u s , a r e 

sult predicted f r o m the s i m i l a r ionic radii of F" and H " . The P e r o v -

skite s tructure was demonstrated for K M g F 3 (43) and is thus impl ied 

for K M g H 3 . This structure is found for A B X 3 s y s t e m s ( A and B = 

m e t a l cat ions , X = anion) in which one cation is much l a r g e r than the 

other . It is descr ibed as a cubic c lo se -packed arrangement of the 

anions and the l a r g e r cat ions , with the s m a l l e r cations occupying octa

hedral posit ions in an ordered pattern ( 4 4 ) . It is proposed that each 

m a g n e s i u m cation of K M g H 3 is surrounded by an octahedral a r r a n g e 

ment of hydride ions . The crysta l s tructure of M g H 2 was c l ear ly 
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shown (45) to be that of rutile which a l so involves an octahedral a r r a y 

of hydride ions about each m a g n e s i u m cation. The environment about 

m a g n e s i u m in K M g H 3 and M g H 2 i s therefore predicted to be essent ia l ly 

equivalent. 

Table 11 

X - R a y P o w d e r Diffraction Data for P o t a s s i u m H y d r i d e , M a g n e s i u m 

H y d r i d e , P o t a s s i u m Tr ihydr idomagnes ium and 

P o t a s s i u m T r i f l u o r o m a g n e s i u m 

K H M g H 2 K M g H 3 K M g F 3 

3 . 3 0 vs 3 . 1 9 vs 4 . 0 0 3 vw 
2 . 8 6 s 2 . 7 6 vw 3 . 137 WW 
2 . 0 2 s 2 . 4 9 5 vs 2 . 8 3 5 vs 2 . 8 0 m 
1. 72 s 2 , 2 9 m 2 . 3 1 1 m 2 . 2 9 m 
1 . 4 3 m 1 . 5 9 s 2 . 0 0 7 s 1 . 9 9 vs 
1 . 6 5 m 1 . 6 7 s 1. 794 vw 
1 . 3 1 m 1. 50 m 1 . 6 3 9 s 1 . 6 2 5 m 
1 . 2 8 m 1 . 4 2 w 1 . 4 2 0 m 1 . 4 0 8 m 
1. 17 m 1. 36 w 1 . 2 6 8 m 1 . 2 5 9 w 
1. 10 m 1 . 3 3 5 w 1. 184 m 1 . 2 0 1 s 
1 . 0 1 w 1 . 2 4 6 w 1. 158 w 1. 150 w 

1 . 1 5 0 w 1. 122 vw 
1 . 1 2 5 w 

Independent verif ication of this prediction i s obtained f rom 

compar i son of the infrared spectra (obtained as a Nujol m u l l between 

K B r salt plates) for these two compounds . MgHg exhibits two broad 

absorption envelopes centered at 1160 and 650 c m ~ l . T h e s e are 
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ass igned to meta l -hydrogen stretching and deformation vibrat ions 

re spec t ive ly . The infrared spectrum of K M g H g revea led two s i m i l a r l y 

broad absorpt ions centered at 1150 and 680 c m - 1 . The absence of 

pronounced shifts is verif ication of nearly equivalent environments in 

these compounds . 

P o t a s s i u m tr ihydridomagnes ium is insoluble in c o m m o n 

hydrocarbon and ether so lvents , stable to disproportionation and does 

not c leave ether so lvents . A study of the thermal propert ies of K M g H g 

as determined by s imultaneous D T A - T G A analys is revea led a weak , 

broad exothermic effect at -w300°C consistent with disproportionation 

to KH and M g H 2 fol lowed by endothermic effects at 320 and 4 2 0 ° C due 

to decomposi t ion of M g H 2 and K H respec t ive ly . 

K M g H ^ was a lso prepared by a pyrolyt ic olefin el imination 

react ion when K M g ( s - C 4 H g ) 2 H was heated in light m i n e r a l oil at 8 0 ° C 

under vacuum. 

K M g ( s - C 4 H 9 ) 2 H K M g H g + 2 C 4 H 8 (24) 

N a M g 2 H 5 a n d N a M g H 3 

Hydrogeno lys i s of a 0 .3 m o l a r solution of the 1:2 c o m p l e x , 

prepared by mixing sodium hydride and d i - s - b u t y l m a g n e s i u m in ben

zene , under 1500 psig hydrogen p r e s s u r e at 2 5 ° C for four hours r e 

sulted in quantitative precipitation of a light yellow sol id which reacted 
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violently when exposed to the a t m o s p h e r e . Ana lys i s revea led a 

N a : M g : H ratio of 0 . 9 0 : 2 . 0 0 : 4 . 0 0 . No butane was produced on hydro l 

y s i s . The e lemental analys is i s consistent with the formation of 

either an authentic c o m p l e x , N a l V ^ H g , a mixture of NaMgHg and 

M g H 2 or a mixture of NaH and 2 m o l a r equivalents of M g H 2 . The IR 

spectrum contained a continuous broad absorption throughout the 

M g - H stretching and deformation reg ion . 

A study of the propert ies of this compound by s imultaneous 

D T A - T G A analys is revea led an exotherm at 1 1 5 ° C and 3 endotherms 

at 3 0 0 , 320 and 3 4 0 ° C . T h e r e was no weight l o s s as soc ia ted with the 

exotherm and a continuous weight l o s s corresponding to 8% of the 

sample weight w a s recorded over the three endotherms . Theoret i ca l ly 

the weight percent hydrogen in this sample was 6 . 6 % . The exotherm 

at 1 1 5 ° C must correspond to either the thermal dissoc iat ion of 

N a M g 2 H 5 or s o m e m o l e c u l a r rearrangement in the crys ta l s tructure 

since no weight l o s s was as soc ia ted with it . The endotherms are 

harder to a s s i g n , but must in part be due to the dissociat ion of the 

result ing s p e c i e s . 

The X - r a y powder pattern exhibited by this sol id revea led 

only two v e r y broad diffuse l ines . When a portion of this sol id was 

heated to 1 5 0 ° C and then cooled , the powder pattern of the "rearranged" 

spec i e s exhibited l ines c lear ly indicative of M g H 2 as we l l as a second 
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set of l ines which by analogy to the powder pattern of N a M g F g (32) 

w a s ass igned to N a M g H g . T h e s e resu l t s are shown in Table 1 2 . 

Table 12 

X - R a y Powder Diffraction Data for Sodium H y d r i d e , 

Sodium Tr ihydr idomagnes ium and 

Sodium T r i f l o u r o m a g n e s i u m 

NaH N a M g F 3 N a M g H 3 a 

5. 72 vvw 3 . 8 3 m 3 . 8 5 vw 
3 . 13 w 2 . 71 m 3 . 1 6 b r - s 
3 . 0 3 vw 2 . 3 0 w 3 . 0 0 w 
2 . 8 2 vs 2 . 2 3 w 2 . 8 3 vvw 
2 . 72 vw 2 . 2 0 vw 2 . 7 5 vs 
2 . 4 4 s 1 . 9 2 v s 2 . 50 w 
2 . 37 w 1 . 5 8 vw 2 . 2 6 w 
1. 73 m 1 . 5 5 w 1 . 9 2 m 
1 . 6 3 vw 1 . 3 5 vw 1 . 6 7 w 
1 . 4 7 m 1 . 5 6 m 
1. 41 w 1. 35 w 
1 . 2 2 w 1 . 2 1 w 
1. 12 w 1 . 1 1 w 
1 . 0 9 w 1 . 0 3 w 

a M a n y of the weak l ines are actually due to MgH2« 

The pattern of NaMgHg is very s i m i l a r to that of K M g H 3 ; 

the only difference is that the l ines are indicative of a s m a l l e r unit 

cel l than in the potass ium c a s e . A sl ightly distorted Perovsk i t e s t ruc 

ture has a l so been demonstrated for N a M g F 3 ( 3 1 ) . 
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A second experiment was carr ied out in which the 1:2 c o m 

plex was pyro lyzed in m i n e r a l oil at 8 0 ° C under vacuum. A n a l y s i s of 

the result ing sol id revea led a N a : M g : H ratio of 0 . 8 8 : 2 . 0 0 : 4 . 5 2 . The 

exotherm observed at 1 1 5 ° C was c l ear ly absent in the D T A - T G A 

t h e r m o g r a m of this so l id , and only two endotherms (at 320 and 3 4 0 ° C ) 

w e r e o b s e r v e d . Although a s m a l l shoulder w a s present on the low 

temperature side of the 3 2 0 ° C endotherm, the powder pattern of this 

so l id revea led l ines for both M g H 2 and N a M g H g . T h e s e data indicate 

that at 80OC N a M g 2 H 5 d i s soc ia te s s lowly according to equation 2 5 . 

N a M g 2 H 5 - N a M g H 3 + M g H 2 (25) 

L i M g H 3 

Hydrogeno lys i s of a 0 . 4 6 m o l a r solution of the complex p r e 

pared by mixing s-butyl l i thium and d i - s - b u t y l m a g n e s i u m under 4 0 0 0 

ps ig hydrogen p r e s s u r e at 2 5 ° C for 4 hours quantitatively precipitated 

a g r a y white so l id . E lementa l analys i s indicated a L i : M g : H ratio of 

0 . 9 5 : 1 . 0 : 2 . 8 0 . 

The X - r a y diffraction pattern of this sol id showed l ines at tr ib

utable to LiH and M g H 2 as we l l as one unknown l ine , al l of which w e r e 

broad and diffuse indicating s m a l l part ic le s i z e . T h e r m a l analys i s of 

the hydrogenation product revea led a strong endotherm at 3 1 0 ° C 

accompanied by the l o s s of hydrogen (90% of calculated) . A weak 
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endotherm occurs at 4 8 0 ° C accompanied by l o s s of hydrogen (10% of 

calculated) . The 4 8 0 ° C endotherm is ass igned to the decomposi t ion 

of L iH by compar i son to the t h e r m o g r a m of an authentic sample of 

L i H . The endotherm at 3 1 0 ° C m a y then be attributed to s imultaneous 

decomposi t ion of M g H 2 and s o m e L i M g H 3 . Th i s interpretation would 

indicate a mix ture of 33% LiH and M g H 9 and 67% LiMgHo. 
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C H A P T E R IV 

C O N C L U S I O N S 

When d ia lky lmagnes ium compounds and alkali meta l a lkyls 

w e r e m i x e d in e i ther ether or hydrocarbon so lvent s , equi l ibrium m i x 

tures resul ted in which complexes existed in equi l ibrium with the r e -

actants although the position of the equil ibrium was found to be depen

dent on the m o l a r ratio of the reactants . Thus any further react ions 

attempted using these solutions wi l l result in the format ion of products 

ar is ing f r o m all of the spec ies present in solution under the reaction 

conditions employed . 

The react ion of alkali m e t a l hydrides with d ia lky lmagnes ium 

compounds in ether solvents produced intermediate complexes in 

which the nucleophil ic character of the alkyl group was great ly en

hanced by complexation with the hydr ide , result ing in ether c l eavage . 

The one exception was the react ion of potass ium hydride with diphenyl

m a g n e s i u m in ether . In this case precipitation of the complex must 

have o c c u r r e d pr ior to c l eavage . 

T h o s e c o m p l e x e s which w e r e soluble in benzene w e r e much 

m o r e stable so long as the alkali meta l :magnes ium ratio was 1:1 or 

l e s s . F u r t h e r m o r e , the fact that potass ium d i - s -buty lhydr idomag

nesium w a s stable in the presence of l imited amounts of ether at 2 5 ° C 
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for per iods of at least one hour suggested that the c leavage react ions 

observed in ether w e r e the resu l t s of higher t emperatures a n d / o r 

longer react ion t i m e s . Solvent interaction in benzene was o b s e r v e d , 

however , in the attempted preparation of an authentic 2:1 complex 

f rom the reaction of d i - s - b u t y l m a g n e s i u m with two equivalents of 

po tas s ium. In this c a s e , complexat ion with a second m o l e c u l e of 

potass ium hydride w a s n e c e s s a r y before the nucleophil ic character of 

the butyl group had been enhanced enough to meta l la te benzene . 

The preparation of complex m e t a l hydrides containing a m a g 

nes ium atom was achieved for the f irst t ime . The key step in this 

synthesis was the preparat ion of stable p r e c u r s o r s . The s to ich iom

e tr i c s of the complexes f o r m e d ref lected genera l ly on the composi t ion 

of the solution which was reduced. In this connection, K M g H 3 was 

prepared f r o m the 1:1 c o m p l e x , K M g ( s - C ^ g ^ H ; N a M g 2 H 5 was p r e 

pared f r o m the 1:2 c o m p l e x , NaH* 2( s - C 4 H g > 2 M g ; L i M g H 3 w a s p r e 

pared f r o m a solution in which the 1:1 c o m p l e x , L i M g ( S - C ^ H Q ) ^ , w a s 

evidently in equi l ibrium with s o m e of the reactants . Simultaneous 

D T A - T G A analys is revea led L i M g H g , NaMgHg and K M g H 3 are stable 

to ^ 3 0 0 ° C . 
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