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The LiAIH4.3AIBr3 system smoothly hydroaluminates hydrocarbons with conjugated and unconjugated double bonds, resulting in 
high yields of saturated organoaluminium compounds. 

As shown earlier,' alkenes with mono-, di- and trisubstituted 
double bonds undergo smooth hydroalumination with the 
LiAlH4.3AlBr3 system in benzene or toluene, giving a high 
yield of related dibromoaluminoalkanes. We continued these 
studies to show that dienes with either isolated or conjugated 
double bonds (Schemes 1 and 2, respectively) can be 
hydroaluminated with the reagent to afford saturated organo- 
aluminium compounds. 

Thus, hydroalumination of hexa-1,s-diene and 2,s-di- 
methylhexa-1,s-diene yields 95% of 1 and 2 (X = AlBr2). The 
latter are then hydrolysed to yield hexane and 2,s-dimethyl- 
hexane, respectively. Hydroalumination of the stated dienes 

General hydroalumination procedure. A 6 m01 dm-3 solution of LiAIH4 
(1 ml, 6 mmol) in ether was added to benzene (5 ml) in an argon 
atmosphere with stirring. The greater portion of the solvent was removed 
at 10-15 Torr. Benzene (20 ml) and a 2.6 m01 dm-3 solution of AlBr3 in 
benzene (6.9 ml, 18 mmol) were then added and the mixture was stirred 
for 1 h at room temperature. A solution of a diene (1 1 mmol) or a triene 
(7.6 mmol) in benzene (20 ml) were added dropwise, and the reaction 
mixture was stirred for 2 h. After excess LiAl& had precipitated, a 
transparent solution of the organoaluminium compound was decanted 
and used for further transformations. Prior to hydrolysis and 
deuterolysis of 5-8 and 12,20 m1 of ether was added to their solution 
in benzene. With compounds 1, 2, 4, 10 and 11, benzene was totally 
replaced by an ether. 

"C NMR spectra (75.47 MHZ, C6D6/C6H6= 111, 8) for compound 2 
(threo/erythro= 111): 24.44 (24.48) (C-7,8), 25.38 (C-1,6), 30.53 (30.64) 
(C-2,5), 39.04 (39.13) (C-3,4); 4: 26.74 (C-7), 28.12 (C-3), 34.13 (C-2), 
34.80 (CA), 35.52 and 35.61 (C4.8). 43.89 (C-5), 46.67 (C-l); 9 (threol 
erythro= 111): 13.77(13.94) (C-4), 25.53 (25.68)(C-5), 25.68 (25.70)(C- 
l), 33.11 (33.33) (C-3), 34.34 (34.97) (C-2); 10 (threo/erythro = 211): 
24.15 (24.60)and 25.51 (25.21) (q, C-5,6), 26.33 (t, C-l), 26.57 (27.37) (q, 
C-7), 29.51 (29.82) (d, C4) ,  32.08 (31.80) (d, C-2), 50.01 (50.56) (d, C- 
3); 11: 23.70 (q, C-l), 24.32 and 24.38 (q, C-6,7), 25.13 (S, C-2), 28.27 (q, 
C$)), 33.13 (d, C-5), 36.64 (d, C+, 45.63 (t, C-3). 

C NMR spectra (75.47 MHz, CDCLa, G) for deuteratedproducts 4: 
26.36(C-3),26.44(C-7),33.99(C-2,'~\~~~= 19.58&),34.27(C4,6,8), 
43.19 (c-1),43.27 (c-5); 7: 24.36 ((2-5, JI3,= 19.73 HZ), 24.62(C-lO), 
24.97 (C4), 25.02 (C-l l), 25.26 (C-9, '~13,,= 19.24 Hz), 25.66 (Cd), 
26.23 (M), 26.31 (C-7), 32.16 (C-3), 32.21 (C-12), 131.47 (C-1,2); 8: 
21.78 (C-9, '~13,= 18.87 Hz), 22.12 (C-6). 24.04 (C-3,12), 24.08 (C-5, 
'~13,= 19.30 Hz), 24.42 (C-lO), 24.67 (C+), 24.75 (C-7), 26.99 (C+, 
27.04 (C-l l), 130.47 (C-1,2); 9: 11.73 (C-4), 22.02 (C-l, 'Jl3,= 18.90 
Hz), 22.31 (C-S), 30.06 (C-2), 31.55 (C-3, JI3,= 18.90 Hz); 10: 22.44 
C-1 'J13,=19.62 Hz), 22.73 (C-5,6,7), 25.61 (C-2,4), 48.71 (C-3, 

f J l 3 ~ =  19.62 Hz); 11: 22.05 (C-1,8), 22.12 (C-6,7), 27.67 (C-2, 
.ll3,= 19.57 Hz), 27.91 (C-S), 36.11 (C-4, '513,= 19.64 Hz), 36.30 
C-3); 12: 30.66 (C-3, '~13,,= 19.62 HZ), 31.02 (C-2), 35.50 (C-l, ir - g n = o u - \  = c C n , r  A\ 

with BukAlH or Bu; Alisusually accompanied by intramolecular 
cyclization that leads to cyclopentane alumino  derivative^.',^ 

Cycloocta-1,5-diene reacts with [LiAlI-14.3AlBr3] to yield 95% 
of a single organoaluminium compound 4 (X=AlBr2). cis- 
Bicyclo[3.3.0]octane results from the hydrolysis of 4. Intramo- 
lecular carboalumination of an intermediate 3 is the most likely 
route for the formation of 4. Hydroalumination of cycloocta- 
1,s-diene with Bu',Al usually leads to dialumino derivatives of 1- 
ethyl-2-methylcyclopentane.4 

Hydroalumination of limonene with' ~u~~ AlH is known to 
occur only at its terminal double bond.' In contrast, limonene 
reacts with [LiAlH4.3AlBr3] to afford a completely saturated 
product involving two stereoisomers 5 and 6 (X = AlBr2). The 
hydrolysis of the latter leads to trans- and cis-menthanes in 62% 
and 28% yields, respectively. 

As shown earlier, tram, trans, tram- and trans, trans, cis- 
cyclododeca-1,5,9-triene react with equimolar amounts of 
BuiAl, resulting in perhydro-9b-aluminophenalene.6 Reaction 
of the trienes with [LiAIH4.3AlBr3] affords exclusively dihy- 
droalumination products in 85% total yields. It should be noted 
here that the trans, trans, trans-isomer leads only to an 
organoaluminium compound 7 (X = AlBr2), whereas the trans, 
trans, cis-isomer gives an equimolar mixture of 7 and 8 
(X = AlBr2) after hydrolysis of which trans- and cis-cyclodode- 
cenes are formed, respectively. 

i, LiAIH4QAIBr,, X = AIBr,; 
H20 (D@) X = AIBr, - X = H (D) 8 
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Exhaustive hydroalumination of butadiene, isoprene and 
piperylene with BuiAlH, Et2AlH or AlH3 are known to occur 
under rigid conditions, when sufficient amounts of polymer 
products may be f ~ r m e d . ~ . ~  With [LiAlH4-3AlBr3], conjugated 
dienes give high yields of dihydroalumination products. Thus, 
isoprene, 2,4-dimethylpenta-l,3-diene, 2,s-dimethylhexa-2,4- 
diene and 1,4-diphenylbuta-1,3-diene result in saturated 
compounds 9-12 (X=AlBr2) in 90%, 80%, 85% and 95% 
yields, respectively. After hydrolysis of the organoaluminium 
compound, 2-methylbutane, 2,4dirnethylpentane, 2,s-di- 
methylhexane and 1,4-diphenylbutane are formed, respectively. 

i, LiAIH,-3AIBr3, X = AIBr,; 

X = X = H (D) X 

' 11 

The structures of the organoaluminium compounds prepared 
were unambimouslv confirmed from the 'H and 13c NMR 
spectral assignments of their deuterolysis and hydrolysis 
products. In addition, "C NMR spectra were recorded for 
compounds 1,2,4 and 9-11 (X = AlBr2), those being in line with 
the expected structures. 
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