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The formation of mixed-bridged complexes of the l/l type, R2 AlX- R2 AlY, where 
X or Y equals CHs , CeHs, C,Hs C%J, Cl, Br, RO or R2 N, has been amply demonstrated by temper- 

ature-dependent NMR studies and even by actual isolation of the more stable examples’. 

Accordingly, certain phenomena observed with dialkylaluminum hydrides in the presence of 

RJAl types have been interpreted in terms of l/l mixed hydride-bridged complexes, such as 

RZ AlH= R&l. The monomeric character of diisobutylaluminum hydride (which is trimeric 
in benzene solution2) in triisobutylaluminum solution3 , the maximum in the electrical con- 

ductivity observed for l/l equivalents of diethylaluminum hydride and triethylaluminum4~5 
and the NMR detection of complexation between alkenyl(dialkyl)aluminum and 

diakylaluminum hydride6 have all been rationalized on the basis of l/l complexes 

with mixed hydride-alkyl bridges. Recently, our kinetic studies on the hydraluhation of 

4-octyne by diisobutylaluminum hydride have uncovered an instance of kinetic inhibition 

due to the information of aluminum alkyl-alkylaluminum hydride complexes’ and hence we 

have decided to examin e the nature of such complexes more closely. We report here on com- 
plexation observed between diisobutylahuninum hydride and di.isobutylaluminum chloride. 

In testing the ability of di&butylaluminum hydride to form a mixed-bridged com- 

plex with diisobutylaluminurn chloride, we have disdovered not only that such cotij?lexation 

oCcu% but that three different hydride complexes can be discerned by-low-temperature NMR 

spectroscopy. Thus, neat samples of the hydride and the chloride were mixed in varying 

*For previous related part see ref. 7. 
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Fig. 1. NMR temperature-dependent spectra of neat mixtures of diisobutylaIuminum hydride and diiso- 
butyIaluminum chloride in varying.equivalent ratios of (i~H9)2~/(iC4H9)2AICI: A, 2/l; B, l/l; 
C, l/2; and D, l/3. 

equivalent ratios: A, 2/l; B, l/l; C, l/2; and D, l/3*. As can be seen in Fig. lA, the un- 

shifted hydride peak of trimeric diisobutylaluminum hydride is evident at 2.94 ppm throughout 

the temperature range, +35” to -30°; the hydride peak due to complexed diisobutylaluminum 

hydride is a broad peak centered at 3.2 ppm at +3S” but resolves into a sharp peak with a 

shoulder at -30°. In Fig. lC, D, the signal of trimeric hydride essentially disappears (residual 

signals at 2.9-3.0 ppm are methine satellites) and a broad, averaged signal of the complexed 

hydride occurs at 3.4 ppm at 35O. However, when the temperature is lowered, three distinct 

hydride signals emerge, at 3.15, at 3.40 and at 3.75 ppm respectively. Exact measurement 

of their areas relative to each other is difficult, but it is clear that their areas become more 

similar (Fig. 1D) as the ratio, (i-CaHs)2 AlCl/(i-C4Hs)2 AlH increases. 
Since diisobutylaluminurr chloride is dimeric’ and diisobutylaluminum hydride is 

ordinariIy trimeric, the three complexed hydride signals -can be ascribed to structures I-III 

(R= i-W& The markedly inferior bridging tendencF of the isobutyl.groupgz’o, compared 

*The NMR spectra were recorded on neat mixtures of freshly distilled hydride and chloride (both 
>98% pure) and the chemical shifts are given on the b-s&e, relative to external This- Individual neat 
samples of the hydride and of the chloride were scanned in the 2.8-4.0 ppm region, in order to assure 
ourselves of the absence of spurious signals. A neat sampie of the hydride showed no new peaks nor 
any shift in peak positions when the temperature was changed from +3? to -20°. 

At temperatures lower than -303 the spectral peaks in the mixtures became very broad due 
to viscosity increase. However, we were able to assure durselves of the absence of additional hydride 
peaks at lower temperatures; a spectrum of mixture B (l/l) io hexane (24% v/v) at --5S0 was un- 
changed from that at -30° (Rigure 1B). 
*The heats of dissociation per bridging group in >AIE+~< have been estimated to be: E = CI, 
14.5 ; E = H, 16.0; and E = i-&Ho, 4.1 kcal=moKr (ref. 10 and 11). 
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with that of chloride or hydride, permits alkyl-bridged structures to be dismissed from 

serious consideration. 

Cl 

R2Al 
/ i..A,R 
=y 2 

R2 R2 

(1) 
tn, rgl1 

Assigning the chemical shifts to the individual mixed-bridged structures cannot be 

done with complete confidence. However, since the mole fraction of Rz AlCl in the differ- 

ent complexes varies from 0.33 (I) to 0.50 (II) to 0.67 (III), and since the greater mole 
fraction of Rs AK1 would be expected to exert a larger desbielding effect on the chemical 

shift of the complexed hydride’s signal, it seems reasonable to assign the signal at 3.15 ppm 
to I, that at 3.40 ppm to II and that at 3.75 ppm to III. This ordering also fits the relative 

growth of the signals at 3.40 and 3.75 ppm as the proportion of i-Bus AK1 is increased 

(Pig.lC, DF 

The striking fmdings of this study are, first, that mixed-hydride bridged complexes 

of varying stoichiometries (2/l, l/l and l/2) can be simultaneously formed, even when a l/l 

ratio of components is mixed (Fig. 1B). Secondly, the preferred stoichiometry of the com- 

plex formed need not be of the I/l type; here, the formation of a complex, 
2(i-C4HghAlH*(i-C4Hg)3AlCI (I) is actually the most stable complex resulting from the 

admixture of 2/l, l/l or l/2 proportions of components (Fig. l A-C). In a related study, 
we have likewise found that mixed complexes between triisobutylaluminum and diisobutyl- 

aluminum hydride tend to be of the 2(i-C4H9)3Al=(i-C~H9)sAlH at 35” and of the l/l 

and l/2 variety at -40” r2. 
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