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Summary 

Simple syntheses of calcium alkoxyalanates starting from NaAlH4 , CaCl, and 
alcohols involving evolution of hydrogen and separation of sodium chloride 
are reported. More complex methods, which allow the preparation of calcium 
alkoxylalanates without loss of hydride hydrogen from NaAlH,, CaCl,, NaOR 
and A& (X = OR, Cl) have also been developed. 

Introduction 

In the preceding paper [1] we reported the synthesis of calcium alkoxyala- 
nates by alcoholysis of calcium alanate tetrahydrofuran with various branched 
aliphatic alcohols (eq. l), as well as some of their physicochemical properties. 

Ca(AlH,), + 2 nROH + Ca[AlH4_,(OR),]2 + 2 nH, (1) 

With a few exceptions these compounds are individual molecular species, and 
some of them have been found to be good multipurpose reducing agents for 
organic chemistry [2]. However, reaction 1 is not a wholly satisfactory method 
of synthesis because: 

(i) Preparation and purification of the starting calcium alanate, which is not 
available commercially, are difficult. 

(ii) Hydride hydrogen is partly lost as molecular hydrogen. 
This prompted us to look for improved routes, with emphasis on the prepara- 

tion of calcium tetrakis(alkoxy)alanates, which represent a satisfactory balance 
between high hydride hydrogen content, good stability, and solubility in vari- 
ous organic solvents. These improvements are the subject of this paper. 

* For part I see ref. 1. 
** To whom correspondence should be addressed. 
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Results and discussion 

1. Synthesis of calcium alkoxyalanates from NaAlH4, CaCl, and alcohols 
Reaction 2 provides an alternative route for synthesizing calcium alkoxyala- 

nate starting from available materials. Sodium alanate is produced as an interme- 

2 NaAEL, + CaCl, + 2 nROH + Ca[AlHe_n(OR),]2 + 2 NaCl + 2 nH, (2) 

diate in the industrial synthesis of poly(N-isopropyliminoalane), a cocatalyst for 
the isoprene polymerization process [3]. It can be used for reaction 2 without 
separation from the NaCl which is formed as by-product, according to reaction 3. 

4 N&I + AlCl, + NaAlH, + 3 NaCl (3) 

Unseparated sodium chloride lowers the reaction rate, but does not affect the 
nature of the calcium alkoxyalanates obtained. 

As shown in Table 1, most of our attention was devoted to the application 
of reaction 2 to the synthesis of calcium tetrakis(alkoxy)alanates. However, the 
method is also suitable for the preparation of calcium alkoxyalanates corre- 
sponding to various degrees of alcoholysis (see run 4). 

The reaction generally takes place readily in toluene or ethereal solvents in 
the presence of THF. A quantity of THF close to that required for the forma- 
tion of molecular complexes with I is sufficient. As in reaction 1, THF com- 
plexes are preferentially formed_ Reaction 2 is accelerated by the presence of an 
excess of CaCl,. It can be monitored by observing the gradual rise in the calcium/ 
aluminum ratio in the reaction solution; care must be taken that this ratio does 
not exceed the theoretical 0.5, otherwise the excess CaCl, slowly complexes 
with the product calcium alkoxyalanates. 

2. Synthesis of calcium alkoxyalanates from Ca(NH,), CaC&, aluminum alco- 
holates and sodium alcoholates 

Further efforts were directed towards reactions which avoid the less of the 
hydride hydrogen of the starting alar-rates. The reaction, 4, between calcium 
alanate, calcium chloride, aluminum alcoholates and sodium alcoholates leads 
to calcium alkoxyalanates. 

.3cCa(AlH,), + yCaC1, + 2yNaOR + 2~Al(0R)~ + zCa[AlH,_, (OR),J2 + 2yNaCl 

(4) 
z=xty; 

4Y n=- 
z 

The simpler exchange reaction using aluminum alcoholates and calcium 
alcoholates was not studied, because preparations of calcium alcoholates other 
than those from methanol and ethanol have been little studied [4], and these 
latter alcoholates can be expected [1] to yield calcium alkoxyalanates with a 
tendency to disproportionation. 

Table 2 lists the results for the preparation of calcium tetrakis(alkoxy)a.la- 
nates (x = 1; y = 1; n = 2) and pentakis(alkoxy)alanate (x = 3; y = 5; n = 2.5) in 
high yields. Some excess CaCl, was used, and product formation was monitored 
by observing the calcium/aluminum ratio in the reaction solution. 
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TABLE 3 

RESULTS OBTAINED IN THE SYNTHESIS OF CALCIUM ALKOXYALANATES FROM NaAlH4. CaCl2, 
NaOR AND AlXa (X = OR. Cl) 

Run Reagents o 

NaAlH4 h 
(mmol) 

C&l* NaOR 
(n=nol) (nunO1) 

MX3 
(nlrnO1) 

Reaction conditions 

Solvent 

Nature (rw 

1 36.0 50 NaO-i-C31+ Al(O-i-CsH7)3 THF 160 
(35) (35) 

2 41.0 60 NaO-i-C3H7 Al(O-i-C3H7)3 MTB e 120 
(40) (40) THF 20 

3 52.0 70 NaO-i-CaH7 Al(O-i-CaH,)a Toluene 130 
(50) (50) THF 20 

4 25.0 40 NaO-t-C4HP A1(0-t-C4H9)3 THF 130 
(15) (15) 

5 20.0 20 ‘NaO-t-C4Hg Al(O-t-C4H9)3 Toluene 120 
(20) (20) THF 10 

6 21.0 52 NaOCH2CH20CH3 AI(OCHZCH20CH3)3 THF 140 
(35) (35) 

7 11.9 17.8 NaO-i-C3H7 AIC13 THF 95 
(47.5) (11.9) 

8 26.0 36 NaO-t-C4Hg A1C13 THF 145 
(60) (15) 

o Generally. A1X3 solution was slowly added to a stirred suspension of other reagents and the mixture was 
stirred until reaction was completed (further detaiIs are given in the Experimental). b Except for run 1. a 
mixture of NaAlH4 - NaCI (molar ratio ca. 1: 3) was used. c H,,t indicates hydride hydrogen content as 
meqk d Calcd_ for Ca[AlHr<OR),3 a - 2 THF_ e MTB is methyl t-butyl ether_ f Calcd. for CaLAlHs~OR)alr - 
THF. g Calcd. for CaAIZHS<OR)3 - 2 THF_ h Calcd. for CaA1aH3(OR)s_ 

Chemical analyses 
The chemical analyses for aluminum and calcium were performed on solu- 

tions obtained by decomposition of weighed samples with diluted aqueous acid 
solutions. The aluminum content was determined by the EDTA/ZnS04 method. 
After complexation with triethanolamine, direct titration by EDTA at pH > 12 
gave the calcium content. The hydride hydrogen content was determined by 
the measurement of hydrogen liberated upon decomposition of a weighed sam- 
ple with small amounts of n-octyl alcohol and then with aqueous 50% H2S04 in 
a flask directly connected to the gas volumetric apparatus. 

Syn the+ of calcium alkoxyalana tes 

Typical preparations are reported for each methods 
(a) Synthesis of Ca[AlH2(OCH(CH3)2)2]2 - THF from NaAlH4 CaC& and 

i-C3H,0H_ CaCl, (60 mmol) was added to a suspension (70 ml) of NaAlH, 
(65.5 mmol mixed to 205 mmol of NaCl) in tetrahydrofuran. A solution of 
i-propanol(131 mmol) in tetrahydrofuran (30 ml) was then added dropwise 
to the stirred refluxing mixture. Hydrogen evolution took place immediately, 
and was controlled by the rate of addition of the alcohol. The mixture was 
stirred and refluxed until the Ca/Al ratio in the solution was ca. 0.5, and was 
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Reaction product 

T<°C) Time Yield ChemicalComposition.Found<Cakd.) 

<h) <%) 
Al Ca Cl H = act. CaJAl Cl/Al J%ct.J~ 

ea Cm <%) 

reflux 8.5 88 11.6 8.7 0.8 9.0 0.50 0.05 2.09 
(11.3) (8.4) - (8.4)d (0.50) - (2.00) 

reflux 4.5 92 12.1 9.0 traces 8.9. 0.50 - 1.98 

(13.3) (9.9) - (9.9) f (0.50) - (2.00) 

60 5.5 94 13.6 traces 

$:Z, - 

10.3 0.49 - 2.04 

(13.3) (9.9) f (0.50) - (2.00) 

25 6 82 11.7 8.5 0.9 11.1 0.49 0.06 2.56 

(11.7) (8.7) - (10.9) g (0.50) - (2.50) 

80 7 40 10.4 7.3 tiaCeS 7.5 0.47 - 1.95 
(10.1) (7-5) - <7_5)d (0.50) - (2.00) 

reflux 7 80 12.0 8.9 tlY3C~S 6.1 0.50 - 1.51 
(11.4) (8.5) - (6.4)h (0.50) - (1.50) 

25 1 85 12.4 8.8 traces 8.4 0.48 - 1.83 
reflux 0.5 (11.3) (8.4) - <8.4jd (0.50) - (2.00) 

reflux 18 87 10.8 8.3 traces 10.1 0.52 - 2.52 
(11.7) (8.7) - (10.9)E (0.50) - i2.50) 

then filtered. The solution was evaporated in vacua, and the white solid resi- 
due was dried (2 h, room temperature, 1 X 10m2 Torr) and analyzed. 

Found: Al, 11.9; Ca, 8.4%; Hactive /Al, 2.08. C20H4sA12Ca06 calcd.: Al, 11.3; 
Ca, 8.4%; Hactive /Al, 2.00. The yield was 85%. 

(b) Synthesis of Ca[AIH,_,(OC,H,3,_,J2 ; 3 THF from Ca(AlH,),, Cat’&, 

NaOC6H11 and AZ(OC,HII),. A solution of Ca(AlH,), (10 mmol) in tetrahydro- 
furan (70 ml) was added slowly to a stirred suspension of CaCl, (25 mmol), 
NaOCsHrl (33.3 mmol) and Al(OC,H,,), (33.3 mmol) in THF (100 ml). The 
mixture was stirred and refluxed until the Ca/Al ratio in the solution was ca. 
0.50 (1.5 h). The mixture was then filtered, and the filtrate was evaporated in 
vacua to give a white solid residue, which was dried (2 h, room temperature, 
1 X lo-* Ton-) and analyzed. 

Found: Al, 6.7; Ca, 5.0%; Hactive /Al, 1.49. C42H&l&a08 calcd.: Al, 6.7; Ca, 
4.9%; Hactive/Al, 1.50. The yield was 93%. 

(c) Synthesis of Ca[AU&(OC(CHJ,),] - 2 THF from NaAIH,, CaCI,, NaO-t- 
C4H9 and AI(O-t-C,H,),. A solution of Al[OC(CHs),], (20 mmol) in toluene 
(50 ml) was added slowly to a stirred suspension of NaAlH, (20 mmol mixed 
with ca. 60 mmol of NaCl), CaCl, (20 mmol) and NaOC(CHa)s (20 mmol) in 
toluene (70 ml) and THF (10 ml). The mixture was heated at 80°C and stirred 
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until the Ca/AIratio in the solution was 0.47. The mixture was then fihered 
and the filtrate was evaporated in vacua to give a white solid, residue which was 
driecl(2 h, room temperature, 1 X 10m2 T&r) and analyzed. 

Found: AI, 10.4; Ca, 7.3%; Hactive /AI, 1.95. C24Hs&12Ca06 calcd.: A1,‘lO.l; 
Ca, 7.5%; Hactive /AI, 2.00. The yieId was 40%. 

(d) Synthesis of Ca[AlH2(OCH(CH3)2]2 - THF from NaAE&, CaC12, AK& 
and AlaO-i-C3H7. A solution of AICI, (11.9 mmol) in tetrahydrofuran (30 ml) 
was added slowly to a stirred suspension of NaAIH4 (11.9 mmol mixed to ca. 
36 mmol of NaCI), CaCl, (17.8 mmol) and NaOCH(CH3)2 (47.5 mmol) in 
tetrahydro-furan (65 ml j. The mixture was stirred at room temperature (1 h) un- 
der refiux (0.5 h) until the Ca/AI ratio in the solution was 0.48. The mixture 
was then filtered, and the filtrate was evaporated in vacua to give a white solid 
residue, which was dried (2 h, room temperature 1 X 10d2 Torr) and analyzed. 

Found: AI, 12.4; Ca, 8.8%; H active/AI, 1.83. C2,,H&.12Ca0, &cd.: AI, 11.3; 
Ca, 8.4%; H active/Al, 2.00. The yield WAS 85%. 
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