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The reaction of lithium aluminum hydride with diethylmagnesiurn in diethyl ether has been studied in detail. 
was found to proceed according to the equations 

The reaction 

LiAIH4 + 2( CZHB)ZMR + 7MgHs f LiXl( CzHj)4 

%LiAlH4 + 3( C2Hs)sMg + 3MgH2 +- 2LiAl( C2H;)aH 

LiAIH4 + (C2Hs)zMg + MgHs 4- L i d (  CZHF,)ZHZ 

L’LiAIH4 + (CZH5)nMg ---f MgHZ + ~L~XI(CZH~)H: ,  

The identity of the aluminum-containing products was established by spectral comparison with redistributed products of 
LiAlH4 and LiAI(CeH6)d. Attempts to prepare CzHaMgH and HMg.4lH4 by the reaction of LiAlH4 and (C*H;),Mg are dis- 
cussed 

Introduction 
In a paper on the preparation of group I1 hydrides 

Schlesinger, et al. , z  reported that magnesium hydride 
could be prepared from lithium aluminum hydride and 
diethylmagnesium in diethyl ether only under very 
special conditions. It was reported that lithium 
aluminum hydride in diethyl ether must be added 
slowly to a 0.5 M solution of diethylmagnesium in 
diethyl ether until the ratio of lithium aluminum 
hydride to diethylmagnesium is 0.3 : 1. It was empha- 
sized that unless this procedure was followed exactly, 
either no magnesium hydride was formed, or if mag- 
nesium hydride were formed, it contained excessive 
aluminum. Under ideal conditions the magnesium 
hydride product contained 0.1 g-atom of aluminum/ 
g-atom of magnesium. The Schlesinger group un- 
covered a further interesting aspect concerning this 
reaction. They found that if diethylmagnesium in 
diethyl ether was added to a large excess of lithium 
aluminum hydride solution, a clear solution resulted, 
from which a compound analyzing for HMgAlHd 
precipitated on addition of benzene. The precipitate 
was not further characterized. These workers further 
reported that when lithium aluminum hydride in diethyl 
ether was added to diethylmagnesium solution, a 
precipitate occurred, but on continued addition of 
lithium aluminum hydride solution, the precipitate 
redissolved. On long standing a gelatinous precipitate 
formed which contained a higher percentage of alumi- 
num than that of the material precipitated by benzene. 
In  view of these interesting features, the report of 
the possible preparation of HA/IgA1H4, and the funda- 
mental nature of this reaction, a more detailed study 
seemed appropriate. 

Experimental Section 
Apparatus.-Reactions were performed under dry nitrogen 

(1) To whom all inquiries sho~tld be sent. 
(2) G. D. Barbaras, C. Dillard, A. E. Finholt, T .  Wartik, K, E. Wilzbach, 

and H I. Schlesinger, J .  A n i c t .  Chem. Soc., 73, 4585 ,1951). 

a t  the bench. Filtrations and other manipulations were per- 
formed in a glove box equipped with a recirculating system using 
manganese oxide to remove oxygen. Infrared spectra were ob- 
tained on a Perkin-Elmer 621 spectrophotometer using either 
KBr or CsI liquid or mull cells. Infrared spectra of the solids 
mere obtained as Sujo l  mulls. 

Analyses .-Gas analysis was accomplished by hydrolysis of 
samples with hydrochloric acid on a standard vacuum line 
equipped with a Toepler pump.3 Magnesium was determined 
by titration with EDTA a t  pH 11 using Eriochrome Black T as an 
indicator. When aluminum was present, it  was masked by 
complexation with triethanolamine. Aluminum was deter- 
mined by adding excess EDTA and back-titrating with standard 
zinc acetate a t  pH 4 in 507, ethanol with dithizone as an indica- 
tor. 

Materials.-All solvents were distilled immediately before 
use from lithium aluminum hydride or sodium aluminum hy- 
dride depending on the boiling point of the solvent. 

Diethylrnagnesium ((CpH6)aMg) was prepared by the dioxane 
precipitation of MgBn .2C4Hs02 from a diethyl ether solution of 
ethylmagnesium b r ~ m i d e . ~  Ethylmagnesium bromide was pre- 
pared in the usual manner from triply sublimed magnesium ob- 
tained from Dow Chemical Corp. and ethyl bromide obtained 
from Fisher Scientific Co. Ethyl bromide was dried over an- 
hydrous hlgS04 and distilled prior to use. The (C2Hs)zMg was 
desolvated in uucuo a t  130’ overnight to remove excess dioxane. 
The desolvated (C2He)zMg was dissolved in diethyl ether and the 
solution was standardized by magnesium analysis. Analysis 
of the solution for ethane gave a ratio of ethane to magnesium of 
2.03: 1 .OO. 

Lithium aluminum hydride (LiAIH4) was obtained from 
Ventron, ;Metal Hydride Division. A solution was prepared by 
stirring a slurry of LiAlH4 in diethyl ether overnight. The 
solution was filtered through a glass-fritted funnel using dried 
Celite Analytical Filter-..lid (johns-Manvillej. The clear solu- 
tion was standardized by aluminum analysis. 

Lithium tetraethylaluminate (Li.41(C2HF,)a) was prepared by 
the procedure of Zakharkin.5 Lithium was obtained from Foote 
Minerals and triethylaluminum from Texas Alkyls. The infra- 
red spectrum (Kujol mull) of the LiAl(C2Hj)d prepared agreed 
with that reported for LiAl(CZH;)4.6 A diethyl ether solution 

Halide was determined by the Volhard procedure. 

Bromide analysis was negative. 

(3) D. F.. Shriver, “The  Manipulation of Air-Sensitive Compounds,” Mc- 
Graw-Hill, New York, N. Y., 1969. 

(4) J. H. Wotiz, C. A. Hollingsworth, a n d  R. E. Dessy, J. A m w .  C h e m .  
S O C . , ~ ~ ,  1221 (1956). 

( 5 )  L. I. Zakharkin and V. V. Gavrilenko, J .  Gen.  Chcm. USSR,  33, 689 
(1962). 
(6) K. Mach, J Oi.gn?zoitzetnl. Chein.,  2,  410 (1964). 
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of LiAl(CzHa), was prepared and standardized by aluminum 
analysis. 

Infrared Study of the Reaction of LiAIH4 with (C2Ha)zMg in 
Diethyl Ether.-A 0.10 M solution of (C2Hj)ZMg in diethyl ether 
was placed in a three-neck round-bottom flask fitted with a 
condenser, an addition funnel, and a three-way stopcock. A 
1.32 M solution of LiAlH4 was placed in the addition funnel. 
Increments of the LiAlH4 solution were added to the magneti- 
cally stirred (CzH5)zMg solution. After each addition the solu- 
tion was stirred for 15 min a t  room temperature before the stirring 
was stopped to allow the precipitate to settle. Infrared spectra 
were obtained by withdrawing samples of the supernatant solu- 
tion by syringe under nitrogen. The additions were continued 
until LiAlH4 was in large excess. The entire experiment was 
repeated using a 0.582 M (C2H;)ZMg solution. In a like manner a 
0.883 M solution of (CzH5)zMg in diethyl ether was added in 
increments to solutions of LiAlH4 of the following concentra- 
tions: In Figure 1 a typical set of 
infrared spectra is shown. 

0.100, 0.500, and 1.00 M .  
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Figure 1.-Infrared spectra of the supernatant solution on ad- 
dition of LiAlHa to (CzH6)zMg in diethyl ether. LiAlH4:(C2- 
H5)zMg ratio: (1) 0.5: l ;  (2) 0.67:l; (3) 1 . O : l . O ;  (4) 2 : l ;  (5) 
pure LiAlH4. 

Redistribution of LiAIH4 and LiAl(C~H5)4.-Reactions between 
LiAlH4 and LiAl(C2Hs)d were performed by mixing the reagents 
in appropriate ratio from standard solutions. After stirring for 
1 hr a t  room temperature, infrared spectra were obtained. 

Preparation of MgH2 from (CnHa)2Mg and LiAIH4. (1) Con- 
ditions Reported by Schlesinger, et ul."A diethyl ether solu- 
tion of LiAlH4 (1.66 M) was added dropwise from an addition 
fuenel to a 0.50 M diethyl ether solution of (CzH5)zMg until the 
ratio of reactants was 0.3:l.O (LiA1H4: (CzH5)zMg). An im- 
mediate precipitate formed. After stirring for 1 hr a t  room 
temperature, the solution was filtered. The precipitate was 
washed with diethyl ether and dried for 1 hr in vacuo a t  70-80". 
The infrared spectrum (Nujol mull) of the precipitate showed a 
very broad band between 950 and 1450 cm-l centering around 

1160 cm-1 and another broad band a t  650 cm-I.* Anal. 
Calcd for MgH2: Mg, 92.34; H, 7.66. Found: Mg, 71.5; 
H ,  6.13; Al, 0; CZH5-, 3.99; (CzHs)zO, 18.39 by difference. 
The molar ratio of Mg:H:Al:CZH5: (C2Hs)zO is 1.00:2.07:0.0: 
0.05 : 0.08. 

0.5LiA1H4-l .0(CzH5)zMg.-This reaction was performed 
in a manner identical with that above except that the (CzH5)2Mg 
solution was 0.956 M .  The precipitate was isolated and dried; 
94.770 of the starting magnesium was recovered in the precipi- 
tate. Anal. Found: Mg, 72.9; H, 6.26; Al, 0.26; CzHj, 
7.01; (CzHs)~0, 13.56 by difference. The molar ratio of Mg: 
H : Al: C2H;: (CzH5)zO is 1 .OO: 2.07: 0.01 : 0.08: 0.06. Benzene 
was added to the filtrate and the diethyl ether was evaporated. 
A crystalline white solid was isolated and dried. Anal. Calcd 
for L ~ A ~ ( C Z H ~ ) ~ :  Al, 17.96; C&- ,  77.41. Found: Al, 17.07; 
CzHs-, 71.95; H,  0. The infrared spectrum agrees with the 
reported spectrum.B 

0.67LiA1H4-1 .O(CzHs)zMg.-In this reaction 947, of the 
starting magnesium was recovered in the precipitate. Anal. 
Found: Mg, 72.1; H,  6.52; Al, 3.48; CZH5-, 6.80; (CzHs)zO, 
10.78 by difference. The molar ratio of Mg:H:Al:CzH5: 
(CZHG)ZO is 1.00:2.18:0.04:0.08:0.05. Addition of benzene to 
the filtrate and removal of diethyl ether resulted in a precipitate so 
finely dispersed that it proved impossible to separate for analysis. 

1.0LiA1H4-1 .O(CZH5)zMg.-In this reaction 73% of the 
starting magnesium was recovered in the precipitate. On 
standing, additional precipitation occurred in the filtrate. The 
precipitate was separated and shown by infrared spectrum to be 
additional magnesium hydride. Anal. Found: Mg, 65.8; H ,  
6.51; Al, 7.29; CZH,-, 5.89; (CZH&)ZO, 14.68 by difference. The 
molar ratio of Mg:H:AI:CzH5-:(CzHj)zO is 1.00:2.36:0.12: 
0.07:O.lO. Adding benzene and evaporating the diethyl ether 
resulted in a suspension of solids that could not be separated for 
analysis. 

(5) 2.0LiA1H4-l .0(CzH6)2Mg.--In this reaction 88% of the 
starting magnesium was recovered in the precipitate. A small 
amount of postprecipitation occurred in the filtrate. Anal. 
Found: Mg, 69.0; H,  7.41; Al, 9.35; CZHs-, 2.21; (CzH5)20, 
11.97 by difference. The molar ratio of Mg:H:Al:CZHs-: 
(CzH5)20 is 1.00:2.58: 12:0.27:0.06. Isolation of the aluminum 
by-product was unsuccessful. 

Attempt to Prepare CzH5MgH.-A 0.121 M diethyl ether solu- 
tion of LiAlH4 (15.3 mmol) was added dropwise to a 0.873 M 
ether solution of (C2Hs)2Mg (61.1 mmol). The LiA1H4: 
(CzHs)zMg ratio is 0.25: 1.0. An infrared spectrum of the super- 
natant solution showed v(C-Mg) a t  512 ~ m - ' , ~  approximately 
half as intense as the band in the starting (CzH5)zMg solution. 
The precipitate was isolated. The infrared spectrum showed 
typical broad MgHz bands. Anal. Found: Mg, 73.6; H,  
5.73; Al, 0. The molar ratio of Mg:H is 1.00:1.88. The fil- 
trate contained 27.4 mmol of (CzH5)zMg. 

In another experiment a slurry of MgHz was stirred with a 
large excess of (CzH5)2Mg in diethyl ether overnight. An infra- 
red spectrum of the supernatant solution using a compensating 
cell with solvent showed no bands other than those of (CzHs)zMg. 

(2) 

(3) 

(4) 

Results and Discussion 
Contrary to the Schlesinger2 report, either mode of 

addition (LiAlH4 added to (CzHJzMg or (CzH6)zMg 
added to LiA1H4) results in a precipitate that  does not 
dissolve. Magnesium hydride free of aluminum was 
obtained, using the conditions, concentration, and ratio 
of reagents reported. Variation of the concentration of 
reagents was found to have no effect on the reaction. 
However, if excess LiAIH4 is used, magnesium hydride 
containing some aluminum is obtained. 

(7) N. M. Mal'tseva and Yu. Ya. Kharitonov, Zh.  Neorg.  Khim., 7, 947 
(1962); Russ. J. Inovg. Chem., 7, 489 (1962). 

(8) E. C. Ashby, K. Kovar, and R.  Amott, J. Anter. Chewz. SOC.. 92, 2182 
(1970). 

(9) R .  M. Salinget and H. S. Mosher, i b i d . ,  86, 1782 (1964). 
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The infrared study of this reaction shows that the 
reaction proceeds stepwise exchanging ethyl groups of 
the magnesium for hydrides of the aluminum as shown 
in eq 1-4. At a LiAIH4: (C2HJzMg ratio of 0.5: 1.0, 

(1) 

( 2 )  

( 3 )  

( 4 )  

eq 1, infrared spectrum 1 in Figure 1 shows no A1-H 
bands in the 1600-1800-~m-~ region, but a band 
appears a t  600-630 cni-I characteristic of LiAl(CzHJ4. 
The precipitate was MgHz as shown by infrared spec- 
troscopy and elemental analysis and contained essen- 
tially all the magnesium in the reaction. In addition the 
aluminum compound was crystallized from the filtrate 
and shown to be LiAl(CzHj)4 by elemental analysis and 
infrared spectroscopy. Thus a t  a LiAlHd : (C2Hb)zMg 
ratio of 0.5: 1.0, alkyl-hydride exchange is complete and 
further addition of LiAlH4 only results in a redistribution 
of LiAlH4 and the product LiAl(C2HJl as shown in 
infrared spectra 2 ,  3, and 4 (Figure 1). 

To establish the redistribution of the aluminum 
compounds further, a separate redistribution study was 
made. In  this connection LiAl(CzH5)4 was synthesized 
from a lithium dispersion and triethylaluminum. 

3Li + 4( C2Hs)3A1 + 3LiA1( C2Ha), + 4A1 (5)  

The resulting LiA1(C2H6)* was allowed to redistribute 
with LiA1H4 in diethyl ether according to the stoichi- 
ometry 

LiAIH4 + 3LiAl( C2H:)4 + 4Lihl( C?H6)3H (6) 

LiAIH4 + LiAI( C2Hj)q + BLiAl( C2Ht)2H2 (7)  

3LiA1H4 + LiBl( C2Hj)4 --f 4Li41( C2Hj)H3 ( 8 )  

Infrared solution spectra of reactions 6-8 are identical 
with those obtained from the supernatant solution of 
reactions 2-4, respectively. 

Attempts to isolate LiA1(C2Hb)3Hj LiA1(C2HJ2HZ1 
and LiA1(C2H5)H3 from the LiA1H4 : (C2H5)zMg reac- 
tions were not successful. On adding benzene and 
removing ether from the filtrates, precipitates of such 
small particle size were formed that they could not be 
separated. However, since the magnesium is es- 
sentially removed from the solution as MgHz, the ratio 
of H : CzH5 in solution is known from the starting ratio 
of LiA1H4 : (CzH&Mg. Infrared spectra show that 
LiA1(CPHS)3H (1626, 690 cm-I) and LiAl(C2H&HP 
(1’700, 760 cm-l) are distinct compounds. The infrared 
spectrum of LiAl(CzHb)H3 (1740, 1700, 760 cm-I) may 
be a composite of LiAlH4 and LiA1(C2H6)2H2 spectra 
which would indicate disproportionation of LiA1(C2- 
H6) Ha 

2LiAl(CzH&)I& --+ LifllII4 -f LiAI( C ~ H S ) ~ H ~  (9) 

LiAlH4 + 2(CzHj)zMg --+ 2MgHz + LiAl(C2H:)a 

2LiAlH4 + 3( C2Hb)zMg + 3MgHz + SLihl( C2H6)3H 

LiAlH4 + (C2Hj)sMg --+ MgH2 + LiAl(CsH:)2H2 

2LiAlH4 + ( C2H6)2Mg + MgH2 + PLiAI( C2Hs)Hs 

A phase diagram of the NaA1H4-NaAl(CaH5)4 system 
showed no evidence for NaA1(CzHj)H3. lo 

Magnesium hydride contaminated with some alumi- 
num impurity (0.1 g-atom) is obtained if excess LiA1H.t 
is used. This suggests that some reaction may be 
occurring between the MgH2 produced and the alumi- 
num by-products 

LiAI( C2H~),H4- + MgH2 
LiH + H-M~-AI (C~HS) ,H~-~  (10) 

2LM(  C2H:),,H4_ + MgH2 
2LiH + Mg[AI(CpHj),H4-,] (11) 

The equilibrium would be expected to lie almost 
entirely to the left. A reaction between NaH and 
Mg(A1H4)2 has been shown to produce NaAlH4 and 

A possible intermediate in this reaction may be 
C2H6MgH. Such a compound could be prepared by 
simply adjusting the stoichiometry of the reaction of 
LiAIH4 and (CzHj)zMg appropriately. 

MgHz.” 

LiAlH4 + 4( C2H5)2Mg + 4C2HjMgH + LiAl( C2H,)4 (12)  

Coatesl2 has reported evidence for the intermediate 
CzHshlgH in a study of the reaction of (C2H&Mg and 
NaB ( C ~ H Z ) ~ H .  When an experiment was performed 
a t  a LiAlH4 : (C2H&Mg ratio to produce CZHjMgH, the 
precipitate proved to be MgH2 as shown by elemental 
analysis and infrared spectroscopy. The filtrate still 
contained (C2H;)&g as shown by infrared spectroscopy 
(v(C-Mg) 512 cin-I), and magnesium analysis showed 
that almost half of the starting magnesium was still in 
solution. The reaction is then described by eq 13 
rather than eq 12. If C2HjlLlgH is an intermediate in 

( l a )  

the reaction, it either reacts faster than (C2H&Mg 
with LiAlHl or disproportionates rapidly to (C2H&Mg 
and MgH2. S o  complex formation or redistributed 
product between MgHz and (CaH&Mg could be found 
when MgHs was stirred with a large excess of (C2H5)2Mg 
in diethyl ether. 

The MgHZ prepared by the LiAlH, reduction con- 
tains about 15% diethyl ether after drying in vacuo a t  
70-80”. Studies by simultaneous dta-tga indicate 
that complete desolvation could be accomplished 
without decomposition of the MgH2 a t  about 150°.13 
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LiAlH4 + 4( CgH&)2Mg + 
2MgH2 + Li41(CzH5)4 + 2(C2HJ2Mg 

(10) P. Kobetz, W. E. Becker, K. C. Pinkerton, and J. B. Honeycutt, Jr.,  

(11) E. C. Ashby and R.  D. Schwartz, unpublished results. 
(12) G. E. Coates and J. A. Heslop, J. Chem. SOC. A ,  514 (1968). 
(13) E. C .  Ashby and J. A. Dilts, unpublished results. 

l n o u g .  Chem.,  2, 859 (1963). 


