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Me,(MeC%?),AlM (M = Li, Na) and Me,(Me,CCXZ),AlLi were synthesized, 
and found to form stable 1 : 1 complexes with 1,4-dioxane. The low conduc- 
tance and other properties indicate more covalent bonding to the alkali metal 
by the alkynyl groups than by the alkyl groups in Me&&I. 

The complexes of trialkylahuninum with alkali metal alkyd have been inves- 
tigated by many authors. The structure of R&M (R = alkyl group) depends on 
the alkali metal present. The potassium compounds are practically insoluble in 
saturated hydrocarbons and may reasonably be regarded as ionic salts [R&l]- 
K’ [ 11. The lithium compounds are more covalent, Et,AlLi and Me,AlLi are 
polymeric in the crystalline state [Z] . 

The ionic agregates (of [R&l] Li and [R,Al]Na in hydrocarbon solution as 
well of [Et,Al]Li in the vapour state) which must be formed presumably con- 
tain Al-C bonds polarized by the alkali metal ion to the point at which the 
bonding may more appropriately be regarded as being of three centre electron- 
deficient type, as in crystalline (Et,Al)Li [2]_ 

Analogous complexes containing four alkynyl group ‘are also known. They 
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were obtained froni alkali-aluminumhydrides and alkyne [3]. The structures of 
the products were not investigated. 

The alkynyl group is one of the strongest bridging ligands. It has the ability 
to use the K electrons in bridging bonds. In the structure of dimers of alkynyl- 
aluminum compounds the two aluminum-alkynyl~uminum bridging bond 
lengths are different. In the diphenylphenylethynylaluminum they are 1.992 
and 2.184 A (4) (X-ray structure in solid state), in dimethylpropynylaluminum 
(gas phase electron diffraction) they are 2.050 and 2.15 d (5). It is suggested 
that these differences are caused by involvement of w-electrons in the coordi- 
native bonds. 

The aim of this work was to synthesize Me,ZYAlM and to investigate the 
influence of alkynyl groups (Z, Y) on their properties. Especially interesting is 
the way in which the aluminum, -CS- system, and alkali metals interact. 

Results and discussion 

a) Me,(MeCS.12AlLi 
Hi-p-l-propynyl(tetmmethy1)dialuminum reacts with propynyl-sodium or, 

-lithium in 1,4;dioxane to form dimethyl(dipropynyl)aluminolithium (I) or 
-sodium (II), which for somplicity will be referred to below as complexes. 

Me&lGCMe + MeECM 1.4-diorane Me2(MeCFC)&lM * Iz(l,4)dioxane 

where M = Li or Na. 

The products of these reactions are pmctically insoluble in saturated and 
aromatic hydrocarbons (n-hexane, cyclopentane, benzene and toluene). Solu- 
bilitf is good in 1,Pdioxane (up to 18% at 20°C) but poor in 1,3dioxane or 
tetrahydrofuran. The solubility depends strongly on temperature. The com- 
plexes are involatile at room temperature, even under a vacuum of lo-’ Torr. 
At higher temperatures they decompose slowly, yielding brown residues. Pure 
and dry crystals of the two complexes melt sharply (Table 1). Spectral data, 
aluminum and lithium (or sodium) analysis, and cryoscopic, and conductivity 
data are shown in Tables 1-3. 

The molecular weights obtained cryoscopicaly in dioxane for both com- 
plexes are-about 80-90 MU higher than those calculated for I or II. The analy- 
sis for aluminum and lithium or sodium show that the molar ratio Al/M is l/l 
in both cases, but the metals contents are lower than calculated for pure com- 
plexes. The hydrolyzed samples always contained dioxane in the organic layer. 
The IR spectra of the complexes in Nujol show the characteristic band for com- 
plexed 1,4dioxane (at 1001 cm-‘), indicating the presence of dioxane. Pro- 
longed exposure of the complexes to vacuum causes no mass (40 h, lo-’ Torr) 
decrease or change in the analysis. 

On the basis of the experiments we formulated complexes as Me,(MeCS),- 
AlM - 02C4HS_ These and other compounds discussed below can exist as mono- 
meric complexes,‘but the low solubility in hydrocarbons suggests that dioxane 
bridged polymers are present in the solid. In dioxane the species is most likely 
to be Me,(MeCS),AlM - (O&H& where n > 1 [6,7]. The following spectral 
results are consistent with the proposed formula_ In the IR spectrum the GG 
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TABLE 2 

ANALYSES OF CbdPOUNDS INVESTIGATED 

Compound Aluminium<%) 

Found tic. cab. OrI 

OII camp. 

pure with 

camp. I mol of 

dioxane 

Mez(Me(=C)zAlLi - dloxane 11.72 19.01 11.78 2.94 4.93 3.04 

Me2 <MeC=C)2 AlNa - dioxvle 11.46 17.03 10.97 9.75 14.95 9.35 

Me2(Me~)(Me3C~)AlLi - dioxane 9.96 15.69 10.38 2.47 4.07 2.69 

Me2<Me3CC=C)2AlLi - dioxane 9.15 13.36 9.31 2.38 3.46 2.41 
Me4AlLi 27.9 28.72 14.83 7.25 7.45 3.85 

Alkali metal (5%) 

Found wk. 

OL1 

Pure 

camp. 

talc. on 

camp. 
with 
1 mol of 

dioxane 

bands which appear at 2157 cm -I for Me,(MeCZC)Al and 2057 cm-’ for 
MeCXLi (MeCZCNa gives PO CZC band in this region) disappear. There is only 
one new band, at 2134 cm-‘, in the complexes formed. Comparison of the 
PMR spectra of Me,(MeW)Al with that of Me2(MeC=C)2AlM - 02C4Hs (Me- 
Al T = 10.98; MeCZ T = 8.30) indicates a shift of the Me-Al signal to r = 11.14 
and 11.22 for the lithium and sodi-urn derivatives, respectively, in the com- 
plexes. The Me--C= shifts to 8.22 in the case of the lithium derivative. The inte- 
grations agree exactly with the assumed composition for both compounds. The 
i3C NMR spectra [S] show that the propynyl radicals are equivalent in the 
complex. Quadrupole coupling was observed for the carbon atoms thought to 
be bonded with aluminum (H,C-Al, =C-Al). Very low specific conductances 
were observed. F.airly concentrated (for electrochemical measurements) solu- 
tions were used. The data for lower concentrations are not reliable, because 
they fall outside the range of the apparatus_ The conductivity measurements 
indicate a very low degree of ionisation. To compare the results with those for a 
compound without alkynyl groups the conductivity of (Me,Al)Li (III) was 
measured under the conditions used for I (Table 3), and a significantly higher 
conductivity was observed. This shows that the lithium- or sodium-propynyl 
group interaction has more covalent character than the alkalimetalalkyl group 
interaction. 

b) Me,(MeJXSC)&Li 
Di-p-t-butylethynyl(tetramethyl)dialuminum reacts in the l$-dioxane with 

t-butylethynyllithium to give dimethyl(di-t-butylethynyl)aluminolithium. It is 
very soluble in dioxane, scarcely soluble in toluene (less than l%), and insolu- 
ble in saturated hydrocarbons. The dry complex melts sharply; It is more stable 
at room temperature than complexes I and II, and can be stored below 0°C. 

The IR spectra show only one band in the region of-C=C stretching vibra- 
tions, at 2110-2112 cm-‘. The PMR spectra show two bands with intensity 
ratio 3/l. The first signal at 8.88 ppm corresponds to the protons of tert-butyl 
radical. The signal at 11.19 ppm comes from the protons of the methyl groups. 
bonded to the alumin um. As in’13C NMR spectrum of I, both alkynyl groups in 
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complex VI are equivalent. The broadening of the signals is due to the quadru- 
pole coupling of carbons bonded to the aluminum atom. 

The aluminum and lithium analysis indicated a 1 : 1 molar ratio. The Al and 
Li contents agree well with a composition involving one molecule of dioxane. 
Cryoscopic measurements show a molecular weight about 70 MU higher than 
that calculated for pure Me,(Me,CC~),AlLi. The conductivity is slightly lower 
than that of I or II. The IR spectra of the dry solid complex in Nujol shows the 
characteristic bands of dioxane. 

From these results we conclude that the structure of dimethyl(di-t-butyl- 
propynyl)aluminolithium is analogous to that of dimethyl(di-t-propynyl)- 
aluminolithiun~. 

c) Attempts to obtain Me,(Me,CcL=) (Me(r=c)AiLi (V) 
Di-Cc-t-l-propynyl(tetrarnethyl)dialuminum reacts with t-butylethynyllithium 

to give products identical with those from the reaction of di-p-t-butylethynyl- 
(tetramethyl)dialuminum with propynyllithium. In both cases a “glassy” prod- 
uct melting over the same broad temperature range (about 20°C) was obtained 
after evaporation of the excess of dioxane used as a solvent. 

The IR spectra show two bands in the region of CEC stretching vibrations. 
The first band is at 2110-2112 cm-’ and the second at 2134 cm-‘, which 
closely correspond to the CZC bond vibrations of I and IV. 

In the ‘H NMR spectrum there are two resonances from protons of the 
propynyl radical, at 8.21 and 8.26 ppm, and two signals from protons of the 
t-butyl group, at 8.82 and 8.88 ppm. Only one signal was observed for the pro- 
tons of CH,-Al, at 11.14 ppm. 

These observations suggest that the reaction gives a mixture of products. We 
considered the possibility of an equilibration reaction of V. 

MepPIBiAILi _ dioxane Me$i&lLi + MezBizAILi 

(V) (I) (IV) 
Pi = MeeC-, Bi = Me&-C!- 

(2) 

The IR and PMR spectra for a l/l mixture of pure I and IV are identical 
with those of the reaction products. Addition of complex I or IV to the reac- 
tion products caused an increase of the signals of Me-S or Me,C-C= protons, 
respectively. On the basis of these facts we propose the following assignment of 
the PMR spectrum: the signals at 8.21 and 8.26 ppm belong to the propynyl . 
groups of complexes V and I respectively, and those at 8.88 and 8.82 ppm to 
the t-butyl groups of complexes V and IV respectively. The conductivity is 
intermediate between those of I and IV, as expected (Table 3), but this is not 
strong evidence in favor of the equilibration reaction 2. 

Conclusion 

1) Complexes of dimethylalkynylaluminum and alkynyls of sodium or 
lithium are formed containing one molecule of firmly-bound dioxane. 

2) The results indicate the existence of a strongly covalent interaction a 
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between the alkali metal and alkynyl groups even in polar solvents. The follow- 
ing monomeric structure is proposed 

- dioxane 

where X, Y are the same or different -C=C--R groups. However, polymeric - 
structures cannot be excluded for the solid, nor higher solvates in dioxane solu- 
tions. 

3) The bridging bonds are very different from the ionic interaction between 
sodium cation and [Me,Al] - anion in Me,AlNa. 

4) The complex with two different alkynyl groups (V) exists only in eqluilib- 
rium with the symetrical complexes I and IV. 

ExperimentaI part 

All operations were carried out under dry oxygen-free nitrogen. Solvents 
were dried over 4A molecular sieves and distilled from Na/K alloy-benzophe- 
none. 

Reactions 
Sodium and lithium alkynyls were made in liquid ammonia. All other com- 

pounds were prepared in 1,4dioxane. Attempts to make Me,(RC-C)AlM in 
aromatic and aliphatic hydrocarbons were unsuccessful. 

I) MeC3ZLi and MeCZNa. One mole of metal was added to 1.5 1 of liquid 
ammonia and propyne was introduced in 10% molar excess. The mixture was 
stirred for about 2 h with the blue colour disappeared and 250 ml of petrol 
ether was then added. The ammo& was evaporated off and the petrol ether 
removed under vacuum. Residual solvent, ammonia and propyne were removed 
under vacuum (10m3 Torr) at room temperature. The white powder obtained 
contained 99% of Me-M. 

2) Me,CC=CLi. This compound was prepared analogously. 
3) Me,(MeCSJ)AZ. 145.9 mm01 (13.5 g) of dimethylaluminum chloride in 25 

ml of cyclopentane was added to 161.2 mmol(10 g) of propynylsodium sus- 
pended in 50 ml of cyclopentane. The mixture was stirred magnetically for 
15 h then the solvent was removed. The product was purified by vacuum distil- 
lation (10m4 Torr). Yield 80% calculated in terms of Me&Cl used. 

4) Me,(Me,CCZC)AZ. Me,(Me,CC=C)Al was synthesized analogously from 48 
mmol of sodium t-butylacetylene and 43 mmol of dimethylaIuminum bromide. 
The product was purified by vacuum sublimation (10s4 Torr at room tempera- 
ture)on to a finger cooled with liquid nitrogen. Yield 56% calculated in terms 
of the Me,AlBr used. 

5) Me,(MeEC),AlLi. 24 mmol of dimetbylpropynylaluminum in 15 ml of 
dioxane was added dropwise to a vigorously stirred dispersion of 24 mmol of 
propynyllithium in 20 ml of dioxane. A distinct exothermic effect was ob- 
served. After two hours the solutions was filtered and the filtrate was concen- 
trated by solvent evaporation at 100°C until a few crystals appeared. The mix- 
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ture was cooled slowly to room temperature and filtered. The solid obtained 
was recrystaIlized from dioxane as white crystals. Yield’55+0% (calcd. from 
Me,(MeCZC)Al taken). 

6) Me,(ZneCZ)&~~. The complex was synthesized and purified analo- 
gously from 25 mmol of propynylsodium and 25 mmol dimethylpropynyl- 
aluminum. Yield 53-58s (calcd. from Me,(MeC~)Al taken). 

7) Me,(MeC%C) (Me,CCS)AILi. 15 mmol of dimethylpropynylaluminum in 
25 ml of dioxane was added to 15 mmol t-butylethynyllithium well dispersed 
in 20 ml of dioxane. A minor exothermic effect was observed. After 2 h of 
stirring the solution was filtered. The filtrate was concentrated to 20 ml, and 
the product was precipitated by addition of 25 ml of n-pentane. It was filtered 
off, and dried under vacuum (lo-’ Torr). Yield 76-79s (c&d. from Me,- 
(MeC=C)Al taken). 

The reverse method for the synthesis was also used; 20 mmol of dimethyl- 
(t-butylethynyl)aluminum being mixed with 20 mmol of propynyllithium. 
Yield 78-82s calcd. from Me,(Me,CCs)Al taken. The PMR spectra and 
analyses of the two products were identical 

8) Me,(Me,CCS)&Li. 15 mmol of dimethyl(t-butylethynyl)aluminum in 
20 ml of dioxane was added to 15 mmol of t-butylethynyllithium in 20 ml of 
dioxane. The procedure was then as in 7. Yield 79-84s (&cd. from Me,- 
(Me,CC~)Al taken). 

Analytical methods 
The PMR spectra were recorded in sealed tubes on a JEOL JNM C 100 MHz 

spectrometer. 
The IR spectra, were recorded on Zeiss UR-10 spectrophotometer. 10% 

dioxane solutions in a cell of 0.10 mm thickness adapted for filling under nitro- 
gen were used, or Nujol mulls sealed in polyethylene bags. 

The molecular weights were measured cryoscopically in clioxane, using a 
standard apparatus modified for work under nitrogen. 

The conductance was measured with a Raderkin apparatus. Analysis were 
made on a Perkin-Elmer atomic absorption apparatus. 
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